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"HE Want of ſyſtematik treatiſes dn meckianics and hydro- 
ſtatics hath Jong g been conſidered as equally troubleſome'to 
thi Wes: and diſcouraging to his pupils, and firſt induced a deſſre to 
facilitate tlie attaitiment of theſe branches of ſciente by #" collecklon, 
and methodical arrangement, of their ſcattered parts. The preſet 
—— the propoſitions, or heads of dectures, 
upon this ſubject, ads pted by the generality of tutors in the WhIveE 
ſity,and is recbmmended by an obvious connexion and regular order 
of dependaney. In all natural ſcience, the analytic method of rea- 
ſoning neceſſarily precedes che ſynthetie, and the converſe of this 
order would termitate in unceftainty and chimera. The exiſtence 
and delineation of theſe properties of matter; ich are conceived 
to generate the phenémena e of preſſure and motion, are therefore 
conciſely and genetallyPremiſed in the firſt ſix chapters; 1 oh 
ply data, derived from” experieice and uneontroverted fats} for 
ſynthetic! demonſtrations!” Phe genetal properties of motion are 
deſeribed in the chapter upon Folidiry; becauſe the cleareſt eon. 
options of menon Ar Her ed fröm impulſe, which ariſes) from 
ſolidity; and the Jaws f motion are introduced in tlie chapter 


upon the inertia —ꝛ— are infpdayblyocnntged 
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this elementary branch of philoſophy of that dry, uninviting 
ly and feelingliꝭ lame by the young pupi), 
defiradſe ; but the "comin OK plica- 
ble to the elements of all fcience, and could not, I believe, be re- 
moved without an entire change of the formality of preciſe de- 
finitions and propoſitions into a. more undefined and leſs. ſcientific. 


form of compoſition, nor conſequently without ſacrificing real 
advanteget0-lels. material, amuſement, The following :perf 
euce, thersforc, 
| lcating the, progres. oh the ſtudent; by a_ſeſeQion, from. the *. 4 


tte. eee inferior merit. of f 


of others, whjoh, max;ſagecſede the. necelhry.of abpIxing fe A m 
titugde of þpoks,, and an. anrangemens coinciding wick his lectures. 
The whole, is vexitten Ino the ſamę language for the ſake of; uni- 
formity;. demonſtrations are dilated: og rns, ag was deemech 


expedient; and ſometimes, though as ſeldom ag poſſible, new proof 


are giveg. It. is no eaſy taſk. to: compoſe a ſyſtem. equally aacom- 


hope to haue acgompliſhed it ; for the benefit of thoſe; who may: 
be diflatisfied, with: tha diſeuſſion of any ſubje here; accurate ben 


ferences to the page or chapter of the beſt, xriters where: it is; 


treated. are always inſerted. To be of ſervice to. the ignorant and 
uninformed was the chief motive for undertakings this work, and 
che ſale object of attention in the execution of it & this laſt con · 
fideration, may ſerve to: bviate ſome obisctions, whichi naturally; 
will occur to more enlightened- readers Already; converſant with, 
the ſubject. Leſt E appear to.preſume, upon the experience that; 
may * attendomy ſituation, I beg leave to explain 


Mmy- 
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af ibaa equent 8 == pa Gs Tabjett is 
| teducible from the ſecond law of motion, and may be eſteemed 
a corollary to it. The connection of the other parts of the trea- 
tiſe is, 1 truſt, equally natural and obvious. To have diveſted 


FIBAA 
eckibited)) let zal hi dbecdaferrad ttt nt was dene /in ieiit 
1d ofiadlih ifs trutir and; xogheret dnt auntiary: when any! ini. 
portant ſubject: i treateliwith pedlixity;:amd-extendet} Beyand ite 
imm üſunt pra ſurũbett t a ele mdntary treatiſe, let it nop be 
Aditi butedꝭ io uc g ence lot imalvertency: they Are borks the effects = 
of AU, þ wee Cn warlamted, hy m o experience at leaſſi by 
aſſets IH utülif Ie becrenitadbergt; tbrit tear: andcade> 
quate eiHuꝙαεn A nge Terbjedd ade nod cπWj,¼Zaded by'a un. 
ſient impreſſion, and that the capacity and comprehenſion of an 
uninformed mind are only expanded and improved by repeated 
excrtions and aſſiduity. Science implies ſomething more than a 
mere ability to go through a demonſtration; and a clear compre- 
henſive knowledge of a queſtion, which may be competent for the 
ſolution of problems and diſſipation of doubts and objections, is 
perhaps only to be attained by long reflection, and ſtudiouſly con- 
templating it on every ſide; and theſe are certainly much aſſiſted 
by different demonſtrations, which place the ſubject in different 
points of view, and by tracing its affinity with other truths ſimi- 
lar to, or deducible from, it AH fingie demonſtration may eaſily 
be too Jong, and too anxigfs #d6hr% 19. be perſpicuous may occa- 

ſion perplexity and confuſion; butzit is not eaſy to give too many 
demonſtrations of a fundamentaſ propoſition, or too many pro- 
blems and corollaries reſulting fam it. This ſpecies of prolixity 
appears to me to be extiemely uſeful, as it may, at leaſt, teach a 
young ſtudent the art of thinking, an art which can only be ac- 
quired, and is found indeed to be no eaſy acquiſition. For theſe 
reaſons, the reader will obſerve ſome leading ſubjects extended be- 
yond the bounds abſolately neceſſary, and ſome parts will appa- 
rently be ſuperfluous: I ſhall hold him juſtified in thinking fo, 
N my be ſo informed on the ſubje& as to pronounce them 
; ulelels to him. Po CO HE 16 Hilgnohse aan: | 
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»1u1oankot conclude: thitopreface: dvithoud exprefiing! My Auen 
thanks to Mr. Eiſher and Mr. Vince of Caius College: tchthel firſt 


for his general theortim of the edge to the latter for Kis friendly 
reviſion of the uchole work. Hach conſulted theſe friends more 
frequently, many errors and amperfectioris; for I believe there are 
many, might poſſibly have been avoided. My thanks are alſo. 
juſtly due toi thoſe gentlemen hb have kindly 3 un- 


dertaking with their approbation and ſupport, and I willingly em» 


brace this e of acknowledging my obligation. 
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NATURAL. PHILOSOPHY. 


0 * 
TAT URAL e in the wideſt acceptation of the 
terms, denote any effects in the material part of the crea- 
=_ tion addreſſed to one or more of the ſenſes ; and natural philoſo- 
4 phy 1 is the hiſtory of theſe phenomena, and an inveſtigation of the 
8 cauſes employed in their production. A phenomenon may itſelf 
be a natural cauſe productive of numberleſs effects, and each of 
theſe may alſo be a cauſe of others, &c.; for, of that infinite 
variety of events obſervable in the material world, none are in- 
duced per ſaltum, but effect is dependent upon effect in contiguous 
ſucceſſion. As matter is totally inactive, and incapable of com- 
municating motion to itſelf, all its motions, and powers of pro- 
ducing a change of motion, in the various operations of nature, 
are derivative: but the inſtruments immediately directing the 
movements of the ſeveral parts of the ſyſtem elude the inquiſition 
of human ability, and whether any inexplicable effect be owing to 
the Creator's immediate fiat, or ſome ſecondary material power, 
cannot be known; for the action of a pure ſpirit upon matter can- 
not be comprehended: but many ſubordinate inſtruments in the go- 
vernment of nature are conſpicuous, matter being impreſſed by its 
great Creator with ſeveral attributes, which appear, and are conceived 
by ſome philoſophers, to reſide in it, miniſterial to the continuance 
of exiſtence and preſervation. The rules by which theſe attributes 
are directed in their operations, are called natural principles or 
Jaws, becauſe in fimilar circumſtances, they are invariably the ſame; 3 
and . attributes themſelves are generally called powers or forces, 
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INTRODUCTION TO 


from the ſimilitude of their effects to thoſe produced by animal 
exertions: ſuch are gravity, coheſion, elaſticity, magnetiſm, elec- 
tricity. The uniform and. regular action and utility of ſome of 
theſe. natural powers are very obſervable; but the Taft powers 
ſeem to be ſtill in a ſtate of analyſis, and the laws, by which their 
influence is directed, very imperfectly aſcertained. The attraction 
of coheſion, or of that power by whoſe influence the minute par- 
ticles of matter tend to each other at ſmall diſtances, is the cement 
which prevents the diſpetſion of the component parts of matter, 
and, as far as we are competent to decide, adminiſters to the 
growth of bodies in the animal, vegetable, and foſſil kingdoms. 
The figures and motions of the great bodies compoſing the ſo- 
lar fer are preſerved by an uninterrupted exertion of the at- 
traction of gravity, Nor is the oppoſite quality of elaſticity or re- 
pulſion leſs regular or important. The particles of air are endued 
with this repulſive power which is eſſential to the preſervation of 
all bodies contiguous to it, and a diminution of it would propor- 
tionably diminiſh its ſalutary influence, rendering it noxious 
to animal and vegetable life; and many hard bodies are obvi- 
ouſly poſſeſſed of this quality probably to preſerve their ſpecific 
nature by protecting their conſtituent particles from the effects 
of attrition, &c. The operations of other attributes of mat- 
ter, however deſultory and accidental apparently, are, upon the 
fulleſt information, diſcovered to be reſtrained within preſcribed 
limits, whoſe obſervance is productive of harmony, and violation 
of diſorder. Plants and animals are always produced from their 
proper ſeed; the reflection and refraction of light are effected ac- 
cording to inviolate laws; matter, by its vis inertiæ, reſiſts the 
action of any material power, and when in motion moves, accord- 
ing to determinate rules, &c. To deſcribe the various phenomena 
exhibited in the production and change of motion in the material 
world, whether explicable or not, promiſcuouſly, is the buſineſs of 
the natural hiſtorian; and to ſelect thoſe which are explicable, and 
inveſtigate the ſecondary powers, or qualities, conceived to be reſi- 
dent in matter, by whoſe inſtrumentality they appear to be effected, 
is the province and proper occupation of the natural philoſopher. 
„ 2. The 


NATURAL PHILOSOPHY. 
. The hiſtorical part of philoſophy, or deſcription of natural 
ani is immediately tranſcribed from the works of nature; 
and, from the inadequacy of our ideas of matter, an inveſtigation 
of the ſecondary material powers producing them muſt be derived 
from the ſame ſource. Some phenomena being obſerved to be 
invariably coexiſtent or ſucceſſive, a connexion is underſtood, or 
preſumed, to obtain between them; and, the object of philoſophy 
being an evolution of this connexion, the works of nature where 
only it is diſcoverable, muſt be attentively explored, the relation 
noted, and extended, by a cautious ſelection of all the cireumſtances 
of ſimilitude in other phenomena, to a common principle or law 
of nature. 'The following procels is therefore adopted by the beſt 
philoſophers, and is the only certain method of philoſophizing. 
_ Firſt, By repeated and accurate obſervations upon matter, or 
upon ſome general ſimilar phenomena in the material world, the 
exiſtence and qualities of any individual cauſe are demonſtrated from 
the phenomena evidently. and invariably attached to it; the cauſe 
of this cauſe, and the cauſe of this laſt, &c. and the effects ſucceſ- 
ſively more ſubordinate and particular reſulting from the phe- 
nomena, conſidered as mechanical cauſes, are n inveſtigat- 
ed by again exploring the works of nature, and this proceſs 
is repeated to the limit of human ability. How far the chain of 
theſe ſecondary material powers, either progreſſive or regreſſive, 
from thoſe that are more general to their ſubordinate effects, and 
vice verſa, is extended, is undiſcoverable; but the philoſopher $ re- 
ſearches are ſoon limited by the occurrence of bodies inconceivably 
minute, or removed to immeaſurable diſtances. An examination 
of the few powers that are known is, however, a rational and not 
unprofitable employment; for they exhibit proofs of unbounded 
power, conſummate wiſdom, and paternal benevolence in the great 
Creator ; and by their connexion with many uſeful arts, are made 
ſubſervient to the wants and infirmities of his creatures. Secondly, 
The intenſity at a given diftance, and law of variation at different 
diſtances, of any material power being aſcertained by the menſu- 
ration of its effects, it is aſſumed as a principle, and from its in- 
Adee, all ſimilar phenomena are demonſtrated to reſult by 
4 2 | mathe- 
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mathematical or other ſcientific methods of reaſoning. For many 


effects are, upon examination, found to bear ſtrong marks of 
ſimilitude, which to a negligent obſerver exhibit no likeneſs; and, 
theſe being diveſted of alF adventitious particularities, and ranged 


under the ſame cauſe, a few principles are diſcovered to pervade 


the whole ſy ſtem of matter, eee inden * 


thetic method of philoſophizing. | | 1 8 


3 Examples iltuſtrating the 5 method of 1 


EXAMP. I. The ſpherical figure of the earth proved ana- 


e PHENOMENA A... 


PHENOM. I. The altitude of either pole of the equator is al- 


ways equal to the latitude of the obſerver. 


PRE NOM. II. In an eclipſe of the moon a ſection of the 


earth's ſhadow 1 18 aways terminated by a circular arc. F | 


Mary! other phenomena might be adduced in 0 of the glo- 


 bular figure of the earth, but it is eſtabliſhed. by theſe, becauſe-no 


other afford a ſolution of them. This figure was impreſſed at the 
original formation of the earth, and is preſerved by an unremitted 


exertion of the attraction of gravity; and here ang analyſis ter- 
bet the cauſe of ben men bmi | 


4. EXaMPe. II. The dinrnal revolution of the earth proved 

analytically. x $125 #135 10 
PH ENO ME N A. * 

PHENOM. I. The ſun and moſt of the planets «ible. refund 

their axes, and a ſimilar motion of the earth is THERE | to theſe. 


PHENOM. II. The ſun, planets and fen ſtars appear to re- 
volve uniformly in circles, whoſe planes are perpendicular to, and 
centers in, a line paſſing through the center of the earth, and Per- 
form one revolution in drenty feu hours nearly. 


Pu- 


e * ? "MF 
: ? ; 
2 *. 
NATURAL PHILOSOPHV. 
c . | | 1 
PHENOM. III. The gravity of bodies is leaſt under the equator, 
and increaſes as they recede from it. 
E/CVCFCTVVC C 


* 


It this motion of the heavenly bodies were real, they would be 
retained in their orbits by forces tending to their correſponding 
centers in the axis of the world (Newt. ſect. 2. prop. z.), which are 
imaginary points in which no attractive powers reſide; and ſome 
of theſe motions could not be effected without the influence of 
forces infinitely greater than any mechanical powers yet diſcovered. 
They are therefore apparent only, and reſult from the rotation of 
the earth round an axis; and this is confirmed by phenom. 2. which 
is eaſily explicable by, and inexplicable without, ſuch rotation. 


o 


? 


F. ExAM. III. The properties of light inveſtigated ana- 

lytically. e e ee e 
ee eee 

f PHE NOM. I. If the ſun's rays be admitted, through a ſmall 


aperture, into a dark room, and refracted through a glaſs priſm, 


V4 


an oblong image conſiſting of ſeveral colours will be formed upon 
a fleet of paper, place at a proper diſtance. | 
| 


PHE NOM. II. If another priſm, be placed behind the former, 
ſo that their axes be perpendicular, the image will be refracted 
on one ſide, of the ſame length and breadth as before. 


.PHENOM. III. Any one colour refracted through any number 
of priſms, always exhibits a circular image of that colour. | 

Tf the ſun's rays, were equally refrangible, its image would be 
circular, and, if differently refrangible, oblong; and conſequently 
(phenom. rſt and 2d) light is compoſed of heterogeneous parts 
differently refrangible. If the ſun's rays ſplitted or dilated by re- 
fraction, the image would be circular and increaſed: by every re- 
fraction, therefore (phenom. ad) they do not ſplit or dilate; and 
(phenom. 3d) the properties of homogeneous rays are innate and 
unalterable by refraction. Fg Wilt 5 
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_ INTRODUCTION TO 

6. The concluſions thus derived by analyſis are analogical, as 
they reſult from a compariſon between preſent and paſt pheno- 
mena, and will be juſt only when theſe compariſons are repeatedly 
made, and the amilitude of the phenomena perfectly eſtabliſhed. 
In example the 1ſt. the altitude of the pole being found equal to 
the latitude of the obſerver, and a fection of the earth's ſhadow to 
be a circular are, and theſe phenomena being invariably the ſame 
in innumerable trials, an affurance that they reſult from ſome 
fixed cauſes and will never vary, ariſes and commands our affent. 

Philoſophy therefore, when real and not fantaſtical, has for its 
baſis uniform and uncontroverted experience; and hence _ 
the neceſſity of r to the firſt rule of Ar © 


RULE I. 


No more cauſes of natural events ought to be admitted than are real, 
and ſufficient to explain the phenomena. | 


7, Of thoſe bodies which are neither concealed by their minute- 
neſs, nor remote diſtance, few can undergo an analytical diſcuſ- 
ſion; and philoſophy would be very limited, were it confined to 
thoſe only which have actually been the obj es of experiments; 
but it 1s 2 univer * by obſerving the following rules. 


| R U L E II. WY 
geddes of the ſame kind are 40 be aſcribed fo the Sha cauſe. 


The ſame cauſe occaſions the deſcent of bodies in different 
places of the earth, reſpiration in different animals, the ſenſation 
of heat from a culinary fire and the ſun, ſolutions of bodies in 
different menſtruums, and of water in ar, &c. 


RULE II. 6s 
8, Thoſe qualities of matter which do not vary, and are found in all 
bodies that admit of experimental examination, "ought to be Warts. ny 
qualities all bodies in general. | 


We 
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Thus the attraction of gravity is diſcovered, by e xperiments 
and aſtronomical obſervations, to pervade all matter with dich 
we are acquainted ; all bodies near the earth's ſurface, and the 


moon, gravitate towards the earth; the waters of the ſea gravitate 
towards the moon; the ſun, planets, and comets, gravitate to- < 

wards each other mutually; and of this principle no bodies ac- 
* ceſſible to experiments can be diveſted, and therefore, from this 
* . 11 18 nen to be an rer nn. of matter. id 


of of) AK 44 — : 


6 | 7 y | 


9. As much falle ales h hath 1 minted by fanciful 
hypotheſes and mere metaphyſical conſiderations, unſupported by 
the reality of facts, the only ſources of n ſcience, the . 
of the fee rule is apparent. 


RULE IV. 


12 experi mental phi loſophy, propofitions collected from Ne —k by 
induction are to be deemed, notwithflanding contrary hypotheſes, either 
accurately true or very nearly ſo; until other phenomena occur by avhich 


my may be rendered ei ther u more accurate, or liable to ane on. 


10. The 1 . A a given diſtance, and n of va- 
riation at different diſtances, of any natural power being demon- 
ſtrated by the analytic method of reaſoning, the only way by 

: which they can be known; they are aſſumed as eſtabliſhed gene- 
” ral principles, and their adequacy to the production of other 
= phenomena, ſimilar to thoſe. an in * nen is nn n 
1 „„ | 


Examples REN the ed Weid of ang 


Ex AMp. I. The influence of the attraction of gravity, its 
quantity and law of variation, being aſcertained analytically, it is 
aſſumed as an eſtabliſhed general principle, and demonſtrated geo- 
metrically to be an adequate cauſe of the motions of pendulums, 2 
projectiles, preceſſion of the equinoxes, irregularities of the moon's | 
motion, rifing and "IR of the ſea, and innumerable other phe- 
nomena. 

Exa MP. 
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of the n of pumps, ſyringes, barometers, 
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Ex AMP. II. The weight of the air being aſcertained by exp 
en it is ſuppoſed to be allowed, and affords an 1 e 
Sec. maß der 


1772 


8 1 c S £2 A FW 
EAM. III. The equality of the h of incidence FA re- 
flection of light, of the conſtant ratio obtaining between the ſines 


of incidence and refraction, and the unequal refrangibility of 


different colours, are diſcovered by experiments; and, being ſup- 
poſed to be univerſally true, they afford eaſy explanations of the 


figure and magnitude of images formed by reflection and Lefrac- 


tion, of the rainbow, &c. b 
Ex AM. IV. The ſpherical ative! of the earth, its diurnal 
motion, and obliquity of the ecliptic are diſcovered by repeated 
obſervation, and, being aſſumed as known principles, they afford 
an eaſy ſolution of the doctrine of the ſphere, of the art of dial- 
ling, of day and night and their ee of 1 and cold, and 
many other FRO; | | 


F 


11. Of theſe two methods of caſas 3 8 may anietly 
be denominated ſcience; for the exiſtence of any natural power, 
its magnitude and variation being preſuppoſed, it is demonſtrated 
geometrically to be competent to the production of various effects, 
and, were this power changed or annihilated, the truth of this 
reaſoning would remain unaltered. Whether this ſcience be chi- 
merical, or accord with actual exiſtence, depends upon the truth 
of the preſuppoſed data, or analytic concluſions, which admit of 
various degrees of conviction from bare preſumption to certainty. 
The exiſtence of ſome undiſcovered and ſtill unknown quality of 
matter, collected only from a few experiments, amounts only to a 
preſumption ; but the degree of probability incteaſes with their 
number, and, by repeated and uniformly concurring trials, eſta- 
bliſhes at length an evidence as unqueſtioned as the exiſtence of 
matter or the ſenſes. That the qualities of matter will remain 
unchanged and continue always to produce the ſame effects, de- 
pe upon the wall of that divine Agent, who ordained that the 

various 
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various events.iF the material world ſhould be effected by the in- 
tervention of ſimple and general material cauſes, acting with in- 
variable conſtancy and uſefulneſs, and only ſuffered to tranſgreſs 
their preſcribed bounds according to the dictates of infinite wiſ- 
dom, power and goodneſs. Preſuming therefore upon the iden- 
tity of the ſenſes and. the. uniformity of natural, operations, the 
ſtudy of philoſophy may be deemed ſcientific ; for, being founded 
upon the baſis of uniform and unedntfdeerted experience, and 
geometric demonſtration, its certainty will continue with them, 
and conſequently can only be affected or ſubverted by a „ or 


ſubrerſign. of the  conffitution * natur nn 
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12. Of all e death are the moſt ſimple, and hel 


minute differences moſt eaſily diſcriminated, and therefore more 
ſuſceptible of clear ideas than any other magnitudes; and the rela- 
tions ſubſiſting between powers or forces, and the changes or veloci- 
ties produced by their exertions, are ſaid to be known, when reduced 
to numeral expreſſions, though the mode of producing. theſe effects 
be unknown, and perhaps undiſcoverable. The next, in degree. of 
ſimplicity and clearneſs of comprehenſion, are lines, ſurfaces and 
ſolids, being permanent and eaſily compared by juxta-poſition. 
The conception of other magnitudes is more remote and difficult. 
Forces, velocities, and times, having no permanent repreſentatives 
like numbers and geometric niagnitudes, anddiſappearing when not 
actually ſubſiſting, are beſt underſtood from their effects; and this 
ſtudy is therefore much ſimplified by finding magnitudes of eaſier 
conception, and more eaſily . and permanent, as numbers, 
lines and ſurfaces, whoſe relation is the ſame with that of times 
an velocities, and natural powers. Philoſophy may conſequently 
be reduced; to an inveſtigation. of the relation ſuhſiſting between 
lines, ſurfaces, Kc. which vary as, and may be denominated the 
repreſentatives of, natural powers and their effects; and a know- 
ledge of ratios, or of the rules by Which theſe relations are in- 
creaſed and diminiſhed, is a OFT: lemma to this e and 10 
ab mag r an ek jo 5130102 N. BOB &L 
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14. DEF. Ratio is the mutual relation of tavo magiitudes 17 the 
Same kind in reſpect of their greatneſs or ſmallneſs ; the firſt is called the 
antecedent and the al hi en Y Ihe , it 30 


16. Ratio is therefore a lad which ork ne 
ſimilitude, and is limited by the definition to the relative greatneſs 
or ſmallneſs of the quantities compared. The magnitude of the 
ratio of equal quantities is equal to nothing; for the exiſtence of 
ratios reſults from the inequality of the quantities compared, 
though not meaſured by it ; and it is evident, that the magnitude 


of a ratio may increaſe or decreaſe through . ſtage of r 


able quantity. 


EXAMPLES 


| Exane. I. If the diftance of E from B be equal to kart 
the diameter QB, and chord QE coincide, and their ratio is a ra- 
tio of equality, and its magnitude equal to nothing; but as the 
arc BE increaſes from nothing to a ſemicircle, the magnitude of 
this ratio increafes from nothing through every ſtage of aſfignable 
magnitude, and, when E and enen, 1s unalfignably ona | 


'ExAame. II. The ratio of the tangent 74 to the ſine SN' of an 


arc $4, or of the ſecant CT to the radius CS, is a ratio of equa- 
lity, and its. magnitude equal to nothing, when the arc vaniſhes, 


and & and A coincide. But as the arc SA increaſes from nothing 


to a | quadrant, the magnitude of this ratio increaſes from nothing 
through 
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NATURAL PHILOSOPHY. 


through every tage of aflignable magnitude, and, when S ond 2 
coincide, is unaſſignably great. If the magnitude of this ratio 
(when e. g. S = zo) be expounded by any finite line E. 
and twice this ratio by twice this line, &c. when & and A coincide, 
L is equal to nothing; and as & recedes from A, L increaſes and. 
1 infinitely great when & arrives at . 

Ratios therefore are magnitudes, and like all other 6 
«= object of ratios, and capable of addition, ſubtraction, multipli- 
cation and diviſion. They are poſitive or negative, according to 
their different effects in ans Fend The ſum of two poſitive, or of two 
negative ratios, will conſtitute a poſitive, or negative ratio, greater 
than either of them; and, according as a poſitive ratio is greater 
or leſs than a negative one, their ſum will be poſitive or negative; 
and, if they be equal, their ſum is nothing. The magnitudes of the 
ratio-of Z :Manid-of B+ L, or of 3:2 and of 2: 3, are clearly 
equal, but of different denominations ;- and any third ratio, of the 
ſame denomination with the ratio of L: M, will be equally en- 
creaſed by the addition of the ratio of L: M and ſubtraction o 
the ratio of M: L. If the ratio obtaining. between L and. 

of which L is the greateſt, be called poſitive, and repreſented by 
any line or number a, twice this ratio will be repreſented by twice 
2, and n times this ratio by * a. The ratio alſo of M: L will 
be repreſented by — a, and * the ratio of M: L by » x —a; 


and a line or number, repreſenting any third affirmative ratio, 
will be equally, encreaſed by the addition of X 4 and ſubtraction , 


of 2» x —a. As magnitudes are only meafurable by magnitudes, 
ſui generis, a line by a line, a ſurface by a ſurface, and a ratio by 
a ratio: to aſcertain the quantity of any ratio, ſome more fimple 
ratio may be uſed as a criterion. Thus logarithms are a ſeries of 
numbers expreſſing the relation which ſubfiſts between any given 
ratio, conſidered as a criterion, and all other ratios. with en * 


is compared. 


16. Der. In a Ke magnitudes of the ſame kind, e in- 
creafing or decreaſing, the ratio of the extremes is Aue fo be amn 


of the ratios of the intermediate term. 11 1 149 
'Z Þ | In 


o 
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INTRODUCTION. 10 f 


In the ſeries of magnitudes A. B, C, D, &c. the ratio of the firſt 
to the laſt, or of A: P, is ſaid to be compounded of the ratios of 
A: B, B: C, C: D; and any ratio, as that of PA: PR, is ſaid to 
FIG. II. be reſolvable into, and equal to, the ratios of PQ; Pa, Pa: Pb, 

Pb: Pc... . PL: PR; for the ratio of PQ; PR is a real magni- 
tude, and like other magnitudes diviſible into its component parts, 
which are the ratios of P; Pa, Pa: Pb, Pb: Pc, &c:: therefore 
the ſum of any number of continued ratios, where the antecedent 
of any ratio is the conſequent of the pong 18 renn to the 


ratio of the firſt and lat terms. 


710. 1. 17. Cor. When any ratio, as that of P;: PR, is to be divided 
into any other ratios by an arbitrary inſertion of other quantities 
Pe, Pb, &c.; theſe are not neceſſarily intermediate, or contained 
between P and PR, the ratio of P: PR being equal to the 
ratios of P: Pv and of Py: PR. For the ratio of 2 Po is 
equal to the ratios of P: PR and of PR: Pv (16), and nd conſe. 
quently the ratio of PQ; PR 1s equal to the ratio of PQ: Po 
diminiſhed by the ratio of PR: Pu, or added to the ratio of | 


| Po: PR(15). 
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ADDITION OF RATIOS. 
18. Prop. To add the ratios of A: B. C: D, E: F, Ge. together... 


— 


1 When the two ratios of 4: B and C: D are to be added, let & 
| | FIG. ur. and C, B and D be reſpectively the ſides of two rectangular paral- 
lelograms X and Z; and (Euclid. v1. 23.) the ratios of A: Band 

| C: D, when compounded, are equal to the ratio of X: Z, or of 

; Ax C: Bx D, theſe quantities being reſpectively equal to X 

and Z. When the ratios of 4: B, C: D, E: F are to be added, 

the ſum of the two firſt is equal to the ratio of AC: BD by the 
proceſs above; and, by making Ax C and E, B x D and F, re 

ſpectively the ſides of two rectangles, it appears, by the ſame pro- 


. that che ſum of the ratios of AC: BD and of E: Pj 1s equal to 
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the ratio of ACE : BDF. Whatever be the number of ratios to be 
added the ah engl is PR? and dt the bange 


Nr "F515 TIED 


h n antecedents 150 = a new 6 antecedent, ond the con- 
i n Eri Stn 546 


Ion! L The ſam. of oe ons - * I: 2, * 4, 5 6, 7: 8 
is De, to the ratio of 1x 3X 5X7: 2x4x 6X8, or of 105: 384. 
This alſo appears from the following n and article (3 


for (38) : | e WOK 
1:2 : 105: 210 TN 7755 
3.2: 4.33. 210 4. 880 
5s $0; 28051330) 4, 77 7 
7:8:: 336 : <7 - 

The ſum of the ratios of 1: 2, 3: 4, 5: 6, 7: 8, is equal t6. the 
ſum of the ratios of 105: 210, 210: 280, 280: 336, 336: 384; or 


Nee to the ratio of 10 95: 384.5 as above. 


20. Ex Ap. II. When two bodice move with uniform mo- 
tions, philoſophical writers ſay, that the ſpaces deſcribed S and s 
are to each other in a ratio compounded of the velocities and 
times; the meaning of which is, that the ratio of the ſpaces is 
equal to the ſum of the ratio of the velocities when changed, and 
the ratio of the times when changed, or that the ratio of &: is 
equal to the two ratios of Y: v and of T: r, or to the ratio of 
V T: xt, ſuppoſing v and ? to repreſent any correſponding 
values of the velocity and time. 


21. Cor. 1. If there be any number of quantities A, B, C, D, &c. 
of which A: B: R: and B: C:: S: and C: D:: T: t, A will be 
to D as RST: r; for A: D in a ratio compounded 'of the ra- 
tios of A: B, B: C, Ct a e nw er N "= 


as RGA vr 47 (18). bt | 0 | 
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22. When 1 Ma any ratios are EF? times, e 
&c, lines or numbers are ſuppoſed to be taken whoſe ratios are 
the ſame with them, and re&angular parallelograms whoſe ſides 
are theſe lines, or the products of theſe numbers actually multi- 
plied together, are always implied in the multiplication of ſuch 
magnitudes. The ſum of the ratios of L: M (denoting forces), 
of N: P (denoting velocities), of Q: R (denoting ſpaces), and of 


e 


S: 7 (denoting times), is equal to the ratio of LMV NX ANS: 
Mx PX RN T, which ſignify two - of numbers whoſe 


ractors are as E: M. N: P, Q:R, S: T. 


SUBTRACTION OF RATIOS. 
23. PROP. To ſubtraf the ratio of ©: D. from that of A: B. 


Let the ratio of A: B be equal to the ratios of C: O and x: y; 


AB 
and (18) A: B::xC: yD, and x : Rue. v. 4.) 4D: BC 


(Euc. v. 10. ); from hence we have the following 


RULES. 


RULE 1. Ds vide the antecedent of the fubtrabend by the 3 
of the ratis to be ſubtracted for a new antecedent, and the 2 by 
che conſequent for a new conſequent 


Or, II. Invert the terms of the ratio to be ſurafted, and proceed 
as in addition. 


24. Ex AM. I. The ratio of 6: 5 ſubtracted from the ratio of 
Ty : 2 1s equal to the ratio of 2: 5 r or of 15: 12, which is thus con- 


firmed. The ratio of 3:2 is equal to the ratio of 6: 4. which is 
equal to "hs ratio of 6. 5 and of 5: 4 (16); and * the "T7 of 
5 


F 


NATURAL PHILOSOPHY. A 


626 be taken de the ni bes rer w_ 

(Exe. VeTS- ). Os ONE £35 0 ET» © 15 

25. ExAMy. II. The ratio of 2: 3 diminiſhed by the ratio of 
3 


4 : 5 is equal to the ratio of - 7 or of 10 72, which is thus con- 


7. 
firmed, The ratio of 2: 3 is equal to the ratio of 4: 6 (Euc.V.15.), 


that is, of 4: 5 and 5:6 (16); and, if the ratio of 4: 5 be taken 
og ds the remainder f 18 the! ratio 1 jp 6 m 10: 12 r . 


id * # 


MULTIPLICATION or „Aden | 
26. PROP. To multiply thi ratio of A: B by any number m. 
The ratio of A: Badded to itſelf is equal to the ratio of A2: Ba, 
and this added to the ratio of A: B is equal to the ratio of A: B3, 
and this repeated u times will clearly give the ratio of. A.: N. 0 8). 
and We e have this rule. 
Nl E. 
Inveius the terms of the ratio to a * equal to the multipliey. - 
9 


27. ExAMur. F, Four times the ratio of 4: B is. equal to the 
2 i A: B+, which is confirmed by the following proceſs ; 
or (3 


_” T7 5 T8 
A: B:: AB: A*B* 
A: B AB: 4. B⸗ 
A: B: A;: Bk. 


Therefore four times the ratio of A: B is equal to the ratios of 


. 4B : A*B*, A*B* ; AB, AB3 : B, or the ratio of 
At ; B+ (16). 


28. Ex AM. 


* Ig 
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0 INTRODUCTION 0 | 
2᷑38. Ex aur. II. Five times the ratio of 2:3 is is tl to the 
\ ratio of 25: 35 or 32: 243, which alſo appears from the proceſs 
| | above and (16). For (38) | : 
| hrs 32 : 48. DM E Hg 

| 2:3::48 „ lth thi eo e 

# tte Eble er coir NON o ohn 2:17 of BEDS 21; 278: 

een HK 9725 TON 's 162 | STE bs 

2:35: 162 : 243, | | 

| | Therefore: the x ratio of 2:3 multiplied into fre is ind to the 

ratios of 32: 48, 48: 72, FO 108, 108: 162, 162: 2433 or to the 
ratio of 32: 243 „. 
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DIVISION OF RATIOS. 
29. PRor. 7 o divide the ratio of A; B by an mur m. 


Let A= and B = ="; and the ratio of A. Bis equal. to the 
ratio * * % or to times the ratio of x: 9 ( 15), which 1 1s there- CT 


9141 2 


fore — — part of the ratio of + A: B, and equal to the ratio of A: B”; 


becauſe x = = 4 and y,.= BY. W wh we have the following 


RULE. 


Extract ad root Ls 171 terms s of the ratio whi ch i is eraſed 175 the 


LI 


39. EXAMP. The ratio of 32: 162 divided by four is equal to 


the ratio of TL 162 K or of 2 3. And this is confirmed by the 
proceſs uſed in example (28), where the ratio of 32: 162 is equal 

to the ratio of 2: 3 x 4, and conſequentiy the ratio of 2:31 Is ith 
of the ratio of 32 : 162, 
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31. PROP. Ven the difference of tao magnitudes ii very fnall 
compared with the magnitudes themſelves, their ratio is multiplied or 
divided 


NATURAL PH ITOSOFRv. : 
divided 45 K dy jnereafng ar dimiviſieng their diference 


m fine,. 


od- zehnting se she di 0% % 5 1 v . on leyps 5d li d 
DEM. Let the two magnitudes be A and 4 == Jo. whoſe. differ- 

er ce y is very ſmall” compared with 4; and n times the ratio of 

| A= y 


th 
A: Amy is equal to the ratio of £*: 
91130 * 1 II W == 22 2 5 A X — Ho Fd Dl! His Wy De AI 


mA YY＋ Nn 455, &c, or "(dividing the antecedent and 


(conſequent by rin to the ütib of A: Any becauſe the 
1 


terms involving i. I &c. are evaneſcent compared with the two 


firſt, and may be neglected. 
By a ſimilar proceſs zth part of * ratio of 4 cer ape 


tobe equal in the rating Adee dk. d. = 


: 25 . * 1 


133789109 iin ac . A 9 bog (Ol x 10 E 


32. EXAMP. Twice the ratio. of 11:10 is equal to the ratio 
of T. 100 or of 1210 1003 and, according to this merh. 
it is the ratio of 11:9, or of 121199. 15 

Twice the ratio of 101: 100 is equal to the — * of 101; 100 
or of 10201 : 10000; and according to this propoſition it is equal 


dc che ratio of r 101 99 or "of 1 1080.7 *999 99, which 1 is nearly equal 
to the former. . Sobthe nee WO. ID OPS ee 
A: Await A0 Vr 7% weg . een ABI eee e 


n 
33. Ex aur. II. A —_ of the ratio of 101: 100 is equal to the 


ratio of 1: ONE: 1500, or of 10.049 210 nearly; and by this pro- 
poſition it th equal to the ratio of 100+: 100, or of 201: 200, or 
. of, 4 0pg4 . ii 10 x : = nlooqud och mot hos 
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b ME HORS, er ed RATIOS... » ad 
3 4. 5 EF. Proportion is an ' equality of 5 When the ratios of 


A Band : D are equal, they, are ſaid to be profiortiona ind uſually 
written thus A: B:: C: D, ee E * 


12255 1 35. Cor. 
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* IN TRODV@TION: TO. ; 


cor. If 2,B,C, D be proportional, nd 4=1, or 12 5 


eſe magnitudes be 


at , : 


will be equal to! D, or to f x D, or if 


incommenſurate, and A be greater, or leſs, than any part or . 
of B, C will de greater, or ie, than oy py part or Parts of D. 


. — — ' W AR 
If 4 be contained between * * B and 2 xD, 5 and 1 being 
bak 41 un Sd ambtiivib) ö 


7 


any _ whatever, )..C vill eld Pl — dene 7 * D 
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and —— „ D. This is evident from the definitions of ratios and ; 
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Propoſitions for if A were contained between Band Pap, 


or 2 k nd cee riot 
m 1 


and 2 77 ? x D, or — * D and * D, 4's magnitude compared 


with B's, would 851 be equal Ry Gs magnitude compared with D's, 
or the ratios of 2: Band : would e be equal, and they would 
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not t be proportional. 85 
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36. Paor. A cannot be greater than, equal 0, or 1e any 
part or parts B, But at the ſame ti me C is greater than. equal ro, or 
leſs than, the ſame part or parts of D, they will be proportional, or A: B 
22 * 
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** 1 wy 27 v1 
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A:B::C:D. Let theſe one be incommenſurate, and if A 


be contained between 5 —X whe and —— 2 15 : . 2 will be contained 
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© will be contained. beten f xD! and v . The diffr- 


ence thietefore between C and R is betmeen'® D and x D, 


—— ——— 2 


29d! conſeguently; is not greater th ae becauſe this is true 


whatever be the Magnitnde of the number „Which may be un- 
aſſignably 8 and = = #3, C will be opts nt & B C 
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37. Cor. 1. If four f magnitudes 4A, B, & D be Proportional, th the 


products of the cr and I —_ are * or 4 * 2 
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ExAMP. II. If a given ſpace be deſcribed in different times 
T and t, with unequal uniform velocities / and v, the velocities 
and times are inverſely as each other; for V: v (a new value of 
the velocity) :: (a new value of the time correſponding to v): T. 


rectangles AD, EF, they are inverſely as each other; for (Euc. 
vI. 14.) AB : CF (a new value of 4B) :: CE (a new value of 
AC): AC. Rd. þ : 
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50. When any quantity 4 varies directly, or inverſely as any: 
ether B, an analogy is always implied, and A and B are not neceſ-- 
farily, homogeneous. 
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56. Cor. 6. If A be as B, and C as D, AxC will be as Bx D; 
for A:a::B:band C: c:: D: d; therefore the ratios of A: a and 
C: care equal to the ratios of B: à and D: d, and the ſums of theſe 
ratios are equal, or the ratio of AC: ac is equal to that of BD : 
bd (1 8), and AC: a Coe BD: : bd (34), and AC is as BD (48): © $2 
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be inverſely as C; for A: a:: B: (48) and B: G:: c: 2 therefore 
A: a:: :c: C (39), and A is inverſely as C (49). 


59. Cor. 9. If A be inverſely as B, and B inverſely as C; 4 
5% be directly as C: for A: 4:: 0; B and 6: B: : c, therefore 
2: Cꝛc and A is as C. 29 | * | . 


50. Cor. 


: Ji v, fe — 1:11 (43); therefore 5, is as 7, T as V, V, and 


n n e. 0 SE 4 RT O77, . t N Y \ 8 
4 2 + 2 . of , * 1 * 4 = N — 
. * TS PIES 2... SIT A EVE 2 K 2 1 wy 1 >> — 1 p 

e a Y r c nne Tic} 3 5 b 
1 ata TR I i + * 2 oy, * ere E 3 „ Nee 8 
2 Pu fs 2 L - hs ly ©. a> — 4 1 a, > N 1 

Ss 8 2 . PL Gt Tas? 22 a 2.4 g L LET 

n S „ 25 tg N Az $ dls 0 ne) U 2 k Lo} hes 

. g 8 * ww PV > 


2 
r 
at » + 
Px 
* 4 


7 =" 
2 8 as 
"mY 4 
P 
a, . 2 
r 8 
R123 5 Ys 
A C703 
Oo * | as, \ AS 


As NATURAL PHILOSOPHx. p 
60. Cor. 10. 11. AB be always the ſame, A is inverſely as B; 


for Ax B: & B:: 1:1 and A: al: * n. maſks wa 
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of 4: a ( 16)1 is equalt: to the ſum of the ratios of P: 5. 2:9, R: r, : O 


* * 
R 
2 2 or to the ratios of A 18) and varies as. —— = 


(48). 


65. Cor. 2. If any of the quantities P, & R, X, Z be given or 
remain invariable, they are to be rejected, and A will vary as the 1 
reſt. Let P be given or P =p, and, becauſe P: p:: A: B, AB 1 
( 38), and rhe ratios of B: C, C: D, D: E, E: a, or the ratio of * 
B A: a, is equal to the ratio of = 25 — = (18), and A is as IE 
(48). het V be alſo given or ba ur and A ( BS = O): 


=» or A is as XZ (48). Hence may be underſtood what 


:: =>: 

| XZ 
is meant by | philoſophical writers, when they ſay the velocity 
varies 


— 


NATURAL PHILOSOPHY. : 
_ as van l (s 4 —_— 1 n time ha J het or; as 


66. Ex AMP. I. The number of feet CS) deſcribed in any time 
2 ), with an uniform velocity (V, encreaſes or decreaſes directly 


with Y and T, both of which are independent of each other, and 


therefore varies as V x T. If be doubled or encreaſed in the ra- 
tio of 2:1, and T be encreaſed in the ratio of 3: 1, S will be en- 
creaſed in the tatios of 2: 1 and 3: 1, or of 6: 1. 


— 


67. Ex AMp. II. The quantity of matter (2) in different bodies 
varies as the magnitude () multiplied into the denſity (D). For 
if the magnitude vary in the ratio of M: n, and the denſity or 
cloſeneſs of the conſtituent parts, in the ratio of D: d, the quan- 
tity of matter will be changed according to both theſe ratios, or 
2:4::M:m and D: d:: Mx D: m x4, or Q varies as MxD (48). 


68. EXAMP. III. The velocity ( of a body moving uniformly 
in the peripheries of different circles, varies as the radius (R) di- 
rectly, and periodic time (P) inverſely. For, if P remain conſtant 
whilſt the ſpace deſcribed or periphery varies, the velocity will en- 
_ creaſe or decreaſe direAly as the ſpace, or as R, becauſe the 


pheries of circles are as their diameters; and if the periodic = 


be encreaſed in the ratio of 2 or 3:1, or univerſally in the ratio 
of P: p, the velocity will be changed in the ratio of 1: 2 or 3, or 
of p: P. If therefore the radius be changed in the ratio of R: 7, 
and gs time in i ratio of P: p, and / won v, V: v as 


R 
R: r, and = 5 * or as 5 p'p and the da ed is as B N. . 


69. Ex- 
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INTRODUCTION, &c. 


69. Ex AMY. IV. If V be the velocity communicated, by the action 
of a force F, to a quantity of matter . by 2, and theſe 


quantities be ſuppoſed to vary, V will be as 5 for if the force 


become 2F, 3 F, &c. the velocity will become 2½/, 3Y, &c. and if a 
att of ae become 22, 32, &c. the velocity communicated 


will be = FUEL = &c. — 4 therefore is as > (64). 
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EH ANTCAL pbileleph, 18 . the name e its 
utility in the conſtruction of machines; but 3 it is now, in a 
more general ſenſe, underſtood to comprehend two branches of 
ſeience, cultivated at different periods of time, denominated Statics, 
or the ſcience of the equilibrium and relation of powers, and, Dy- 
namics, or the ſcience of actual motion. The firſt profeſſes i 
deſcribe the conſtruction, properties, and mechanical advantages 
of machines, and their various combinations, calculated to ſuſtain 
the preſſure of heavy bodies and facilitate their motion; and to 
inveſtigate the equilibrium of powers acting upon them, or their 
relative magnitudes, when by oppoſite exertions they deſtroy each 
other's effect or remain quieſcent. This branch comprehends 
that part called the mechanical powers, and is ſometimes called 
practical mechanics. The object of dynamics is the nature, ge- 


neſis, and change of actual motion, or an inveſtigation of the di- 


rection, 


MECHANICS. 


1 4 — 


2 
r 


reftion, quantity, and law of variation, of a force or power capa- 


ble of generating any motion or change of motion; and vice 
versa. This comprehends the laws by which all motions are re- 
gulated, the motions reſulting from eolliſions, the theory of oſcil- 
lations, projectiles, and centripetal forces, and is ſometitmes called 
rational mechanies. The principles of ſtatics were calculated and 
eſtabliſhed by Archimedes, and have, ſince that period, been al- 
moſt exhauſted by the labours of fucceeding writers. Galileo de- 
monſtrated the laws of deſcent of heavy bodies, and from him origi-- 
natcd the ſcience of dynamics, which has ſince. been proſecuted. to 
an amazing extent in Euler's Mechanica, and Newton's Principia. 
As the objects of mechanical philoſophy are the equilibrium and: 
motions of bodies; a deſcription of the different qualities, or mecha- 
nical affections of matter, producing preſſure, motion, and other 
phenomena, ought to be premiſed. Mechanies therefore might with 
great propriety be divided into two parts; of which the firſt would: 
contain the properties of matter, or the exiſtence, intenſity at a: 
given diſtance, and laws of variation at different diſtances, of thoſe- 
general principles which are the apparent origin of motion, and the 

continuation of motion in the material world, inveſtigated by: 
analyſis: and the ſecond would be an application of theſe princi— 
ples, containing ſynthetic demonſtrations. of their effects u 


machines, commonly called the mechanical powers, when in equi- 


Iibrio, and their relation to actual motions, rectilineal and curvi- 
lineal, uniform and variable. This is the moſt obvious diviſion 
of the ſubject, and every deviation from it muſt be attributed to 


the deſign of this election, Wan iS. PT the ü the. acade- 
mic ſtudent. dh 
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MATTER, and iTs PROPERTIES. 


Gr A FP. 1. 
Or MATTER. 


70. AT TER is the ſubſtance employed in the formation 
of that part of the creation, whoſe exiſtence is evi- 
denced by the teſtimony of the ſenſes; and the moſt characteriſtic 
and prominent marks of it ſeem to be extenſion and ſolidity. In- 
deed ſolidity is the moſt diſcriminating mark of matter, as it di- 
ſtinguiſhes it from every thing elſe; but taſtes, ſmells, ſounds equally 
indicate the exiſtence, though whatever is ſolid and extended is the 
common and moſt general deſcription, of matter. Many other 
qualities invariably adhere to all matter with which we are ac- 


quainted, whether hard, ſoft, or fluid; and from our ignorance of 


its internal conſtitution, or that latent principle, by whoſe influ- 
ence its qualities are connected, and from which they neceſſarily 


derive their origin, theſe, and many others inacceſſible to the ſenſes, 
may be ingredients in its eſſence. All out knowledge of matter, 


as far as it is related to the preſent ſubject, is either geometrical, or 
philoſophical :. the firſt conſiders matter as being of ſome magni- 


tude, or circumſcribing ſpace and having ſome figure, then called 
body, and is uſually denominated ſtereometry, or the menſuration 


of magnitudes of three dimenſions, length, breadth, and thick- 
neſs; and the ſecond comprehends all the properties of matter ad- 
dreſſed to the ſenſes, which may be tiled phyſical or philoſophical, 
becauſe all the phenomena of nature are conceived to reſult imme- 

1 diately 
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diately from them; as extenſion, folidity, inertia, and thoſe appa- 

rently more active qualities, gravity, magnetiſm, electricity, cohe- 
ſion, elaſticity. Theſe laſt are called mechanical affections of matter, 
or mechanical cauſes, beeauſe they are conceived torefide in matter, 
and all mechanical phenomena, or changes of motion obſervable in 
the material world, appear to be directed by their neceſſary and uni- 
form agency. The philoſophical properties of matter are diſtin- 
guiſhable into two kinds, general, and ſpecific: the firſt are ſuch as 
univerſally adhere to every ſpecies of matter, and of which no art 
hath been able to diveſt them, as extenfion, ſolidity, mobility, quieſci- 
bility, inertia, figure, attractions and repulſions, and probably many 
more which are too ſubtle for the obſervation of ſenſe, or have 
yet eluded the inquiſition of the philofopher; and the ſecond are 
ſuch as are attached only to particular ſpecies of matter, as opa- 
city, tranſparency, hardneſs, fluidity, colour, magnetiſm, elaſticity, 
&c. Another diſcrimination of theſe qualities is, that ſome are 
incapable of intenſion or remiſſion, as extenſion, ſolidity, inertia, 
mobility, figure, which are inſeparable from a body and its com- 
ponent parts; and others are relative and capable of encreaſe and 
decreaſe, as attractions and repulſions, doh intenſity depends 
upon the magnitude and diſtance: of the attracting or repelling bo- 
dies, and as that magnitude and diſtance may vary without limit, 
the influence of theſe powers may, by remoteneſs, decreafe with- 
out limit, and become evaneſcent. A knowledge of the exiſtence, 
and diſcrimination of theſe qualities, is entirely derived from ex- 
periment and obſervation, and conſtitutes the ſum of all that is 
known concerning matter. The internal conſtitution of it is un- 
known, and its effects cannot be inveſtigated without the aſſiſtance 
of experience; and whether any more, beſides thoſe eight general 
properties enumerated, belong to it, and what, or whether any, 
connection ſubſiſt between thoſe already diſcovered, and to what 
particular conſtitution ſpecific qualities are; owing, muſt be derived 
from the ſame ſource, experiment, and if ever diſcovered, will pro- 
bably reſult from the labour of the chymiſt. 
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EXTENSION. 
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and ſolid, having length, breadth and thickneſs, as A H. Ideas of 


theſe three kinds of extenſion are undeſinable, and only to be ac- 
quired by the ſenſes of ſeeing and feeling. The, perceptions in- 
troduced to the mind by ſeeing or feeling two diſtant parts of the 
line AB, a ſurface ABCD, and material body AH, convey re- 
ſpectively the meaning of lineal, ſuperficial and ſolid extenſion; 
which are diſſimilar magnitudes, and incapable of compariſon 
with each other. A line, having no breadth, cannot, however re- 
peated, conſtitute a ſurface; and a farface, having no thickneſs, 
cannot conſtitute a ſolid. The parts of a line, though divided 
without limit, are ſtill lineal extenſion, and the parts of a ſurface, 
or ſolid, though divided into a number of parts unaſſignably great, 

are ſtill ſuperficial and ſolid extenſion. This quality is fo far eſ- 
ſential to matter that. it cannot be diveſted of it, or canines to 


exiſt wann it. 


— * 2 2 1 
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72. Dee. A magnitude is ſaid to be finite when an equal to it can 


be aſſigned, or when its encreaſe and decreaſe are limited within aſſign» 
able bounds. 


73. DEF. 4 3 15 ſaid to 6 alu 10077 or ' ſmall, m 
no finite ratio obtains between it and a finite magnitude, or when . ts 
e or ee is not . 20 any 2 WOO boungar, * 


igas ns aal pil aint yas 5 Proy, 
* Keil's Phyſics Pas. AY 20 ; 
E 2 


HERE are three kinds of extenſion, lineal, as the line FIG. 
AB, ſaperficial, having length and breadth, as 4B CD; re 
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FIG. vn. 
other, and, becauſe they never meet, a number of points a, &, c, a, 


- 


ES EXT ENS ION. 
74. PROP, Es 1 80 line EX is enen in bun 


DEM. A . point 4 may be taken between X and 
E, and another B between A and E, and this proceſs may be con- 
tinued without limit, betauſe the intermediate points 4, B, &c. 
having no length, can never coincide with X or E, or with each 


other. 1 D. 


Otherwiſe: Fs E and X draw EP, XC parallel to each 


&c. greater than any aſſignable number may be taken in X C; 
and if right lines be drawn from them to any point P on the other 
ſide of EX, they will divide it into a number of parts equal to 
the number of points a, 5, c, &c.: for if they did not, two lines 
muſt paſs through the ſame part, that is, either interſect each 
other in Ex, or coincide till they arrive at it, and then diverge, 
both of which are impoſſible. There is therefore no aſſignable 


limit to the in of EX. r 


75. Cor. 1. The finite furface 4 BCD is infinitely diviſible ; 
for it is equally divided with AB, by drawing mathematical right 
lines pf, 9g, rh, &c. from the points p, , r, &c. parallel to 4 D, 
which having no breadth cannot coincide. If A B CD. be a boun- 
dary of the ſolid AH, and mathematical planes be drawn through 
p ,, 9g. rh, &c. parallel to AF, they cannot coincide, having no 
thickneſs, and conſequently will divide the ſolid into the ſame 
number of parts with the ſurface 4B CD, or line AB. 


76. Cor. 2. Every finite line, ſurface and ſolid, is therefore com- 
ſed of an unlimited number of parts; and each of theſe parts 


FIG. Ix. is compoſed of an unlimited number, &c. For let LM be infi- 


nitely greater than Lu, and take LM: A:: Ln: Lo: : Lo: Lp, 


&c.; and drawing any finite line M4, Rien an ang with LM, 
and 


EXTENSION, 5 
and n B, oC, þ D, &c. parallel to MA and terminated by LA; 
MA is infinitely greater than 1B; B than o C; oC than p D, 
&c. But MA is infinitely diviſible, and right lines, drawn from 
L to tlie points of diviſion, will cut 2 B, oC, &c, into the ſame 
number of parts with it. . | EY 


% 


z b 


77. Cor. 3. Matter is therefore infinitely diviſible, becauſe ex- 
tended. And this propoſition and corollaries are applicable to 
magnitudes of every kind, as velocities, forces, times, 6c. 


SCHOLIUM. 

78. The terms infinitely great and ſmall are relative, and im- 
ply a compariſon with an aſſtgnable magnitude, and compared with 
it, all infinitely great or ſmall magnitudes are to each other in a 
ratio of equality; but, compared with each other, they admit of 
the ſame inequality of ratios with finite magnitudes. The line 
AM is infinitely diviſible, and if the points of divifion be equi- 
diſtant, any one part xy, multiplied into their number, is equal to 
AM; and xy: AM:: unity: a number unaſſignably great, or x y 
is an infiniteſimal of the firſt order. The infiniteſimal xy is infi- 


nitely greater than wz, and w? thanrs; for xy: :: .: 3 
LM: En. But infiniteſimals of the ſame order may be to each 
other in any aſſignable ratio; for, let LM be to LF as 3, 4, 5, or 
or m: 1, and FG, being drawn parallel to MA, will be equally di- 
vided with it, and the infiniteſimal v: xy:; LM: LP:: 1: 3, 4, 5. 
or any number . This is called the mathematical diviſibility of 
matter, and is equally applicable to ſpace and all other magnitudes, . 
which may be repreſented by extenſion ; but that an actual divi- 
ſibility, or actual ſeparation of the parts of matter, is limited by 
certain inviolate bounds, is inferred from the identity of natural 


ſubſtances. 


PuENOM. I. Salt diſſolved in a menſtruum, becomes the ſame - 
ſalt when the menſtruum is ſuppoſed to dry gradually. Salt con- 


verted 
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verted, by a chymical proceſs, to an acid ſpirit, is, by reverſing the 
_ procels, regenerated into the ſame ſalt. Metals liquidated by fire, 
are reſtored to their priſtine ſtate by the attraction of coheſion. 
But were the decompounded particles of the ſalt, or metal, at- 
tenuated by the action of the menſtruum or fire, and again to co- 
aleſce by their coheſive force, ſubſtances of a different texture and 
appearance, and of different ſpecific gravities, would reſult. The 
moſt powerful natural agent, with which we are acquainted, is fire; 
which, whether artificial or collected in the focus of a burning glaſs, 
only attenuates bodies to a limited degree by converting them into a 
thick ſmoke, glaſs, &c. Every ſpecies of matter fluctuates and decays 
by the ſeparation of its component parts, and is renovated by their 


acceſſion ; but were the nutritious particles, adminiſtering to the 


encreaſe of natural ſubſtances, capable of diviſibility or diminu- 
tion by attrition, &c. new ſpecies of ſubſtances would reſult with 
new properties and characters. Water and earth, compoſed of 
old particles, and fragments of particles produced by attrition, 
would have a different ſpecific gravity, from water and earth com- 

ed of entire and unbroken particles; and the nature and tex- 
tures of theſe and all other ſubſtances would by repeated attritions, 
be perpetually changing, which is contrary to experience. Bodies 
therefore break, not in the midſt of ſolid particles, but where 
thoſe particles cohere in a few points; and the diviſibility of mat- 
ter is only a ſeparation of its conſtituent parts, effected by a diſſo- 
lution of that coheſive force which unites them, and is limited by 
ultimate elementary particles which are a perfect repletion of 


ſpace, without pores and indiviſible. 
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79. THE ſecond philoſophical quality of matter is that by 
which it occapies ſpace to the excluſion of all other 
matter, and is called its ſolidity; but the meaning of it cannot be 
conveyed by words, being undefinable and only to be acquired by 
the ſenſe of touching. The perception introduced to the mind 
by the inſuperable reſiſtance felt in a body is an idea of ſolidity. 
This reſiſtance, and total excluſion of matter from ſpate already 
occupied, is inſeparable from all matter with which we are ac- 
quainted, whether hard, ſoft, or fluid; and the little reſiſtance ex- 
perienced in ſome bodies, is not owing to a want of ſolidity, but 
to their fluidity and ſoftneſs, by which qualities their component 
parts are eafily diſplaced. That hard and foft bodies are ſolid, and 
cannot occupy the ſame part of ſpace, appears from uncontroverted 
experience; for the oppoſite ſides of the fubſtance compreſſing 


them are never found to meet, but by removing the intervening 


parts. And the ſame is diſcovered to obtain in all fluids within 


the reach of obſervation; for no portion of water, air, mercury, 


&c. can occupy the ſame place, becauſe they afford an infuperable 
reſiſtance preventing the comcidence of the oppoſite fides of the 
ſubſtance compreſling them; and their dimenſions are never found 
to be diminiſhed by preſſure without an adequate cauſe, viz. com- 
preſſibility, and tranſmiſſion through the vacuities of the veſſel 
containing them. Numberleſs facts demonſtrate electric and 


magnetic effluvia, whoſe parts are immeaſurably minute, to be 


capable of impulſe and reſiſtance like other fluids; and it is in- 
ferred from analogy, that theſe fluids, circumferibed and com 
preſſed by plane ſurfaces, would invariably oppoſe their jun- 
ction, were the vacuities in thoſe ſurfaces leſs than the partieles of 

: the 
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the fluids. Solidity eee is an univerſal attribute of matter, 


but its cauſe. is unknown and probably undiſcoverable by human 
faculties. The approach of one body to another is apparently 


limited by the actual contact of their neareſt parts, which abſo- 


lutely fill the ſpaces occupied by them, and conſequently a nearer 
acceſs and greater ſurfaces of contact, only reſult from their diſlo- 
cation; but this is not allowed without controverſion. Com- 


preſſibility, contraction by cold, elaſticity, &c. prove that the mi- 


nute parts of ſome bodies are not in mathematical contact, and 
their reſiſtance is an indication of repulſion; and the nearer acceſs 
therefore of two bodies is imagined: to be impeded by a ſtrong 
repulſive power, which being overcome, a mutual penetration of 


parts enſues, and the bodies occupy the ſame part of ſpace. But 
this doctrine. is ſtill only hypothetical; and though the minute 


parts of ſome bodies do exert an influence at a diſtance, and a 
repulſive power be confeſſed to obtain between them, it cannot be 
concluded, generally, to be the only cauſe preventing their nearer 
approach, nor admitted as a general principle in nature, contrary 
to the common apprehenſion of mankind, till eſtabliſhed by ſatiſ- 
factory and uncontroverted experiments. The tranſmiſſion of one 
body through another, and apparent penetration of parts, ſeem, 
and may be conceived, to reſult from empty unoccupied ſpace be- 
tween thoſe parts; and the quantity of theſe vacuities is collected 
from the following phenomena. 


80. PuzNoM.. Many vacuities or pores are actually viſible, 


through a microſcope, in every ſpecies of animals, vegetables and 
foſſils. The bottom of the ſea is viſible at a greater depth than 


ſixty feet. A man's finger, placed before the aperture of a dark 


chamber, is tranſparent by the paſſage of light through its pores: 
and light is tranſmitted in almoſt every direction through glaſs 
and water, and when condenſed three thouſand times in the focus 
of a burning glaſs, it ſeems to be admitted into water and glaſs 
without obſtruction. Electric effluvia paſs through gold with a 
velocity unaſſignably great, and the magnetic power is tranſmitted 


through every ſpecies of matter, except iron, without diminution. 
| The 
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The volatile ſpirit of ſulphur tinges, with a brown colour, ſilver 


ſurrounded with repeated coverings of cloth or paper; the ſcents 
of muſk, civet, &c. paſs through wood. Air and water imbibe 
each other; oils penetrate the vacuities of ſulphur and ſome ſtones; 
mercury penetrates the pores of gold, braſs, and is tranſmitted 
through human ſkin, leather, &c.; water is tranſmitted through 
the membranes of animals, and the fine tubes of vegetables, and 
may, by compreſſion, be forced through gold, filver, &c.* From 
numberleſs chymical experiments it appears, that all animals, ve- 
getables, and foſſils, yield water plentifully by the force of heat; 
and all bodies, whether hard or fluid, admit the particles of fire 
into their pores, through which it paſſes and is diſſipatt. 


81. DEF. The magnitud: of a body is the magnitude of ſolid exten- 


tenſion, that is, length, breadth and thickneſs, or the number of - cubical 
inches contained in it, | | 


92. DE. The quantity of matter in a body is the number of equal 


particles contained in it. F the matter compoſing different bodies be 


reduced to equal particles without pores, the quantity of matter in each 
will be equal to one particle multiplied reſpeftively into their number. 


83. Dee. Denſity of 2 body is the contiguity, or cloſe adbefion, of its 
particles; but this term uſually implies the ratio obtaining between the 
number of equal particles, or quantities of matter, in bodies of the fame 
magnitude. PO EPS 


84. DEF, Homogeneous bodies are thoſe whith bave the ſame dun- 


ſity in every part; beterogeneous are thoſe which have not. 


a: „ 
In the celebrated Florentine experiment, a Rc" of oor was encloſed 1 

| : a hollow 
ſphere of ſilver, and then forcibly compreſſed by ſcrews, till the fluid was den to 00ze 


through the pores of the metal and cover 1 ſurface like a dew. 
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8. Dor. The avec libs is tbe remotenefs of its elementary 
particles, or the ratio of rbe e 2 * ht n e of 
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pu. IT D, l E. de encrlaſea or diminich al in the ratio of 
2, 3, &c. to t, wil evidently be encreaſed or diminiſhed in the 


ſame ratio, and B and B are unconnected; therefore (64) Vs as 
Dx 1 . D. 


Na 


65 Cor. f. sines Nie 3 as DB. if if 9, 4, ; be deeper wow 


values of Q: D, B; Q: :: DB: d, and 5. Li: B. b, * B. * 
D: 4 (41); or if D be given, Nis as B; and 1 B be given, Lis 
8 D) and if Q be given, Dis = and B as Þ This cor. fol- 


lows alſo from (65). BIR rag onany ge 
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88. Cor. 2. If numbers, or lines, whole ratio is the ſame with 
that of D and B, be ſubſtituted for them, Eis properly expreſſed 
by 17 product of theſe numbers, or a rectangle whole "a are 
theſe lines. | 
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89. Cor. 3. If the denſity of a body be encreaſed in 1 the ratio of 
2, 3. &c. 5 1, the poroſity (P) will be n in the ratio 


of 1 to 2, 3, &c.; 10 conſequently P is as + So or (87) as 5. If 
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ExAur. I. The denſity of gold is to that of water as 191; 7, 
and conſequently the relative quantity of pores in gold and water 
is as 1 : 19%, The relative denſities of gold and cork are as 811: 1, 
and their quantities of pores therefore as 1: $13. If one half of 
the magnitude of gold were vacuous, the relative quantities of 
pore and ſolid parts in the water and cork, would be reſpectively 
as 39 44 and 163 3 1. e NI 4.3 2 Sy $ho I% * n I's * 4 


RE 


Ex AN. II. If a body whoſe magnitude is A were conſtructed of 
particles cohering in ſuch a manner as to have ; of its magnitude 
vacuous, and theſe particles were ſimilarly conſtructed of other leſs 
particles having 5 of their magnitude vacuous, and the third order 
of particles were elementary, and a perfect repletion of ſpace, 
the quantity of vacuity would be equal to A x ; + ARK A 
xixixizAxi+i+;z= Ax; And the magnitude of va- 
cuity is to the magnitude of matter as 7: 1. 
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vo. What the figure and magnitude of the elementary particles 
of matter are, cannot be known from the ſenſes, which, with every 
microſcopical affiſtance, are unable to diſcern them. - An ele- 
mentary particle of matter hath probably never yet been ſeen. A 
number of elementary particles, uniting by the power of cohefion, 
form greater particles; and theſe, uniting” again by che ſame 
power, form greater'{till ; and, this proceſs being made repeatedly; 
a corpuſcle is at length formed of a ſenſible bulk. All badies 
ſeem to be compoſed of theſe derivative corpuſcles, which, formed 
of more or fewer repeated unions, compoſe. bodies more or leſs 
denſe. Thaſe derivative .carpuſcles ſeem ſometimes to be finittar : 
if a beam of light be ſeparated by a priſm intò ſmall coloured rays, 
and any ſlender ray of the ſame colour be minutely examined, its 
component parts ſeem to be ſimilar, becauſe they affect the ſight 
exadkly in the ſame manner. Pure mercury ſqueezed through the 
pores of leather, or raiſed into fume, and received upon alzan glaſs 


L 
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exhibit e ſimilar and undiſtinguiſhable. This is alſo ob- 
ſervable of the vapours of pure water. And, in other ſpecies of 
6 matter, the derivative particles are combined from others exactly 
ſimilar to them; a red globe of blood is obſerved, through a mi- 
croſcope, to be compoſed of ſix yellowiſh ſerous globes, and every 
one of theſe is compoſed of ſix lymphatic globes; but farther the 
microſcope does not enable us to proceed. Every ſpecies of mat- 
ter, however different in denſity, may be conceived to be formed 
of equal and fimilar elementary particles. Thus, the particles 
FIG. x. A, B, C, compoſed! each of ſix equal elementary particles, are dif- 
ferent; and theſe particles may, by a different combination, form 
different (till; and theſe repeated coalitions may, by changing the 
original and fucceeding numbers and their Poutivng form maſſes of 


matter differing in endleſs variety. 


Fd 


UNIFORM MOTION. | 


91. From the ſolidity of matter, whether owing to repulſion or 
actual contact, reſults its capacity of impulſe or of being protruded, 
and conſequent mobility of body, as far as the cauſe of mobility 
ſeems to be known. If the body A, in motion, ſtrikes another body 
B, not retained in its place — any force, B will be protruded and 
move; becauſe, from their ſolidity, they cannot penetrate each 
other's dimenſions ; and the communication of motion in this caſe 
is the neceſſary conſequence of ſolidity. Motion ſuppoſes the ſuc- 
ceſſive exiſtence of the body moving in different parts of ſpace, and 
therefore cannot be underſtood without preſuppoling a en 
of ſpace and time; which therefore muſt be 9 "rw 


92 . DEF. Space i is that which contains the whole ſenſible creation, 
1s unlimited, and its parts are homogeneous, LN; end and 


unreſiſting. 


93. a Since ſpace is unlimited in every direction, and its 
parts ſimilar and undiſtinguiſhable, any portion of it can only be 


alcer- 
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aſcertained by its relation to ſome aſſumed ſenſible mark or ob- 
jet. Hence of place, which is a part of ſpace, thers are two 
kinds, abſolute and relative. 


94. DEF. The abſolute 3 of a body is that portion of this unli- 
mited ſpace, which is occupied by it when fixed and immoveable ; and 
the relative place of a body is its fituation with reſpect to ſome aſſumed 
mark or object, which itſelf may be moveable.” | 


Cor. The abſolute and relative place of a body coincide, 
when it and the aſſumed object are immoveable, or remain in the 


ſame part of fixed ee But we cannot 1 1 the. te 
err. of hea _— | PALE > 
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96. Dz F. „ Denen is that which flows uniformly, is unbounded, 
continuous, whoſe parts are fimilar, and no two exiſt together. An idea 
of duration is obtained by obſerving the interval between our 
ideas, or between the ſucceſſive appearances of any external object; 
and, as it 1s, ſtrictly, only meaſurable by a portion of duration, 
and no two parts 'exiſt together, conſequently ca cannot. be compared 
by juxta poſition, time, which is a — of duration, is of two 
kinds, abſolute and relative. 


97. Dar. - Abſolute one: is 3 of atten, 1 Mani 1 
only known by a compariſon with another Portion; and conſequently the 
relation between any two parts of abſolute time is undiſtoverable. Re- 
lati ve time is a part of duration which elapſes during any moti on of 
wu or any 28 EH external NIRO” 
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99. Dar. Abhalnte motion is a change of abſolute en _— 


2 * * - * $ 4 * bs Þ ** N { F FI N * 1 A 1 


= 


x00. Dr 7. 7 Be direftion of motion is the poſition of the line upon 


whieh ir is made. When the motion is refilineal, in direBtion is this 
right liae; when curvitineal, the direction eee nn erg 
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101. DEF. ag! is the Re. or A 4 motion, or ive 2 rate 
at * 4 OY moves. | | 194 


102. Der. 4 4 is 2 70 move ; with an : dong accelerated, or 
retarded velocity, when it continues the ſame, encreaſes, or decreaſes, 
When the encreaſe, or decreaſe, of velocity is the ſame in any equal times, 
the acceleration, ur Yetar dation, it fail rd be umiforms; and when this 
encreuſ or decreaſe of velority, enoreaſts or dovrenſes in any equal times, 
* ee vr ande Fol mts 8 or ys r e in the r. b 
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rog. Dxs.: Le ae eee brut B aura which 
a ſos body Paſſes, is called the Jpace W 0 


104. PROP. J S repreſent the ſpace unifermly * bed with the 
velocity Vim ube time Ty Non . e e be poses e K. 8 
e e Wb Was e en 
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* This propoſition i is proved, not inelegantly, by the following proceſs: : Let $ and / be 
gn CRY natformly, with the velocities * and v,. in W times 7 128 90 and 


t 1 { 
w+ v 4 0 434 . 


T: 7: 55 (40) = the ſpace- (deſefibed f. In the time : with an uniform velocity equal | 


to /; and : i md ö N KT (57), and (39) S: 11 ½ Fe Th 
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Sonne 5 5 
DEM. If either V or T be enereaſed or diminiſhed in the ratio 
of 2, 3, 4 - - . 1 the pate wilFevidently Be encreaſed or dimi- 


niſhed in the ſame ratio; and becauſe Fand. 7 are unconnected, 
or either of them may be changed without, affecting * other. 


S will vary as Y & T (64). 1 12 
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106. Cor. 2. If V be given, 8 is as T. Anbei ſpücen deſqribed, 
with the ſame uniform velocity, art: true meaſures of, time, and 
may be ſubſtituted for it. And, . being, given, S 1s as J, or the 
ſpaces deſcribed in the ſame time uniformly, are meaſures of the 
velocity: if Y, or any other ſymbol, be called velocity, it denotes 
= length or number of feet deſcribed uniformly in one ſecond, 
any other time. Let any values of the velocity be ts each FINER 
—— as A: B, or as 3: 2, and any cotemporary values of the time FIG. 111, 
be as C: D, or as 5 4, and the pace deſcribed win be to each 


other WNy Z, or as 3x5: 2 x4$5 1.574 22.2. wt 


10%. Cor. 3. If lities chierefore be CibRitutdd fer V ad 7, the 
>. S wilt be as the rectantle; Whoſe ſides are theſe fines; and, 
if numbers be fubſtituted for them, the ſpace will, be qual 1 to the 

product of theſe numbers, the time equal to the quotient. of the 
ſpace divided - by: che velotity, and the velbeity e to the quo- 
tient of the ſpace by the time. Let Y be Fra to 7 feet in one 
ſecond, and T = = ſeconds; and S is aca ly equal to aA feet, T 
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aQtually equal to F ſedonds, aa F tz Tt in r ſecond. n 


Keil's Phyſics, Lect. IX. 
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4 08. Pk oP. In variable faite velieitier, te velocity aun an in- 
Kang Re time, is uniform, 
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| bl M. The encreaſe, or decreaſe of velocity ond in any 8 
finite time, is finite, and, if the whole encreaſe or decreaſe be di- = 
vided into any infinite number of increments or decrements, each E 
will be infinitely ſmall and vaniſh, compared with the whole vele- 
Wl which therefore is uniform. E. D. a 


— .. copreſent oriehnaniiig dncre- | 1 

Won. of 8, V, 7. reſpedtively; V will be evaneſcent- e pu 5 
San 

with £ S will Lk as 7 7 (194), F V as T. and T' as p (199). 
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PLATE 110. PROP, F tbe heile AS of an curve DE F repreſent the 

N08 xl. Whole time, and the ordinates AD, BE, CF, Cc. be as the velocities at 
tbe inſtants A, B, C, &c.. the ſpaces deſeribed in the times * S BC, 
will vary as the areas AE, BF, Fc. 


2 24 


DEM. For let 4 m, mn, np, &c. be moments of time, and the 
ſpaces deſcribed in theſe moments, are as the rectangular paralle- 
lograms Ag, mr, # v, ( 107) &c. and the whole ſpaces, deſcribed 
in the ſums of theſe moments, i. e. in the times AB, BC, are as the 
ſums of f theſe ae oak as big. areas 4 . BF. . D. 


N 1 


111. Cor. 1. If the relation Wake, and T, or the MY 
and abſciſſa, be given, the relation between the ſpaces, or the areas 
AE, BF may be found, 
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112. Cor. 2. If the area AE be always as the ſpace deſcribed rv km 
(S) in the time AB or T, the velocity 1 is as the ordinate BE; pid. xl. 


for according to this ſuppoſition, S'18as AD x A ft or. 5 r 
and (jo) as V T'; therefore V is as AD. e 


* * 1 


\ 7 - 
+» 
* 1 — * * 


Cor. 3. If A 5 8 the ſpace deſcribed; and the or- 
Knitted AD, BE, CF. &c. be always inverſely as the velocities at 
thoſe points; the times of deſcribing AB, BC, &c. will be as the 
correſponding areas AE, BP, &c. For the time of deſoribing any 


ſmall ſpace Am is as Ce or as Am x A D; and Foplequently the 
ſum of the moments, or whole time of agierving AB, is as AE. 


* ; — % * * $ 
2 1 » 
4. 


114. PROP. The acceleration and ele en on of velecity, vary as the 
change uniformly produced directly, and the moment of time in wich * 
are n mverſely. 


If the changes of velocity, uniformly produced in the ſame time, 
be as 2:1, the acceleration is as 2:1(102); and if the times, in which | 
the ſame change of velocity is effected, be as 1: 3, the law of ac- 
celeration is as 3: 1, or inverſely as the times; becauſe if the times 


were as 3: 3, the changes of velocity uniformly produced in theſe 
equal times, which meaſure.the ratio of acceleration, would' evi- 


1 


V 
dently be as 3:1, therefore the acceleration is as To and in the 


ſame manner the retardation i is as — * D. 


115. Cor. If the velocity vary as the time, the acceleration and 
retardation are conſtant; for V: u:: Tr, and, ſuppoſing 7 = 


Bs 55 J 
the number of moments of time, or changes of velocity, .— Y): 


2 7090 25 — 10) 1009 or is as T' and . is given. 


G NOTE. 


| . 
50 . $0 nnn 
TTT 

PLATE ' lit. PROP. een (v) in ay pain L, be as ay your of the 

N | Wes. In ae fue the time (T) of deferibing * be found. + 


Let the body begin to move from 4, and AL =, and F be u . and the time of de- 
ſeribing 4 L. u as 5 (109) as r. and T'= = + C (correfion). QE. D. | 


117. Cor, 1. If “ be conſtant, or +=0; T will be as (2) the ſpace deſcribed, 


. 118. Cor. 2. If be as the ſpace deſcribed, or 2 = 1; T or is infinite, and the body 


will never move from the point 4. There are therefore no motions in nature, whoſe velo- 
cities are not in a leſs ratio than that of the ſpaces deſcribed, in the beginning of motion. 


119. Cor. 3. If 7 be as the power of the ſpace deſcribed, whoſe exponent is 2, 
— 1 — 2, &c, the time will be as that power of the ſpace deſcribed, whoſe exponent is 2, : 
2, 3, &c. 


FIG. 120. Cor. 4. Let the body move in AL, and the velocity (V be as the ordinates of the 
XIII. curve line 4 M, which meets LA in A, and conſequently at 4, Y = o. It is evident, that if the 
time of deſcribing AL be finite, or (118) be as ſome. power of AL, whoſe exponent is leſs than 
unity, or fractional, the tangent at A will be perpendicular to AL. Let be as AL” and 2 
as * X AL" x AT, and : AL: :* * AL*: 1; and, if Vbe as any OE of AL, whoſe 


exponent is leſs than unity, viz. 3, V: AL ::3 x ALA 1: * . : = : 1, when AL va- 
2AL* 
niſhes, and Ow the fluxion of the ordinate LM is infinitely greater than that of the 


abſciſs AL. 


121. EXAMP, If AMZ be a ſemicircle, AB = 2@, AL i, and the velocity at any 
point L, as LM, or ſuch as would deſcribe # x LM foet in 1”; J = the fluent of =, or of 


— as AM 
„ „ ä R 2 econds. Therefore the whole 


time of deſcribing 4 8 e ſeconds, which is a given quantity, and whatever be the 


length of 4B, it will be deſcribed in the ſame time. 


PLATE 122. PROP. The times of de deſcribing AL and al (T and t) with welocities which are oye 
1 ro each other as the ordinates LM, Im of ſimilar curves AM, a m, are . 
F 1G. : 
XIV. ©* Euler's Mechanica. 


DEM. 


4 


80 11D 1 v. : 


DEM. Let AL and a / be homologous ſpaces, whoſe ratio is that of p : g, and if FZ , 
and LM = v; al = EL, and lm . - The time of deſeribing 4 L or 69 


fu. Z. and f la. 52 = $6: E 44. 7. N 5. 


1833. DEF. The ſcale of welocity it a line whoſe ordinates 2 as the velocities at abe: prints 
from whence they are drawn, e ee ee e AM +: tbe 


feale of welotity. 


124. DEF. The ſcale of time is a ; En whoſe ordinates are as the time. 77 the ordinate „ur LATE 


be always as the time of deſcribing AM, the line AQ s called the ſeale of time. 
125. PROP. If the ſeale of waleity (V) be ginn, the cal of the time (T) may be found... 


For # is-as 5 and T'=Mflu, of 3+ C, and if the relation of the ordinate and abſcifs, or 


and $ be known, the fluent of 5 may be found. QE. P. 


126, Cor, If the ſcale of velocity AN be a circular, are, the dime is that arc; fe T 1s as 


127. PROP. The ſcale of time AQ being given to conſtruct the ſeale of velocity, 


$ 
L is as FP and v ws >. 7 * or 1785 ſuppoſing 20 to be perpendicular to the curve. Take 


therefore MN = _ which is = 5 or as V, and AN is the ſcale of velocity. 


128. Cor. 1. If 42 be a right line, and Tas m N S; 1 ii. and 7 is go 2.09 


S . and Ax is a right live. | 


13 = 


129. Cor. 2. If T be as & and T a8 m x $*—*3; I will be as — g or a8 r 


If 42 be the common parabola, or m 223 2 —— ——=; Will be equal to 247, and 4M is alſo 


a parabola; and the relation of 7 2) 0 the abſciſs 4M or d. being known, the rela- 
tion of Y (MN) to & may always be found. , 


G 2 RE L. A. 
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FIG. XV. 
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| RELATIVE MOTION. : UL bas 
130. DEF. Relative motion is a change of relative place, and re- 


* 
þ- 


lati ve reſt is a permanence in the ſame relative place. Relative and 


apparent motion are ſometimes diſtinguiſhed from each other, the 
firſt being defined to be that which is attributed to a moving ob- 
ject by an obſerver in motion, and the ſecond that attributed to 
an object really quieſcent by an obſerver in motion. 

| | X 


131. DEF. The relative velocity of two bodies 5 ts the velocity with 
which they accede to, or recede from, each other. | 


132, Cor. 1. Relative motion and reſt of a body coincide with 
abſolute, when the aſſumed object, by which its ſituation is deter- 


mined, remains in the ſame part of fixed ſpace. If the earth be 
quieſcent, every ſhip which moves, or is quieſcent, with reſpect to 
a fixed object upon the ſhore, moves alſo abſolutely, or is abſo- 
lutely quieſcent. 


133. Cor. 2. If the object, by which the ſituation of a body is 
determined, move, abſolute and relative motion and reſt do not 
coincide. If the body B, fixed at the point B in the line A B, be 
the aſſumed object with which the ſituation of A, placed in the 
ſame line and partaking of its motion, be compared, its abſolute 
velocity will be the ſum or difference of its own velocity and that 
of the line, according as they move in the fame, or oppoſite, di- 
rections. If the line 4 B move in the direction TX, with, an uni- 
form velocity of 100 feet in 1”, and A alſo move in the ſame di- 


rection, with an uniform velocity of 50 feet in 2”; A 's whole ab- 


ſolute velocity in the direction TX 1s 1 50 feet in 1”, and its rela- 


tive velocity, or uniform receſs from B, is 50 feet in 1”. If the 
line AB move uniformly in the direction TA with a velocity of 


100 feet in 1“, and A move in the oppoſite direction XY, with a 
velocity of 100 feet in 1“, it will be abfolutely quieſcent, and its 
£ relative 


= 


SOLIDITY. 70 


relative velocity, or B's acceſs to it, will be 100 feet in 1” uni- 
formly: if Als velocity, in the laſt ſuppoſition, be 50 feet in 1” 

uniformly, its relative velocity, or approach to B will. be zo feet | 
in 1”, and its abſolute velocity will alſo be 50 feet in 1”.in an op- 


polite direction. 
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1 134. Cor: 4: A Ke — 185 po the moving line 
AB at the point B, only perceives A's EUN: motion, which 
may be always different from the true. | 


135. PROP. Tf tus bodies A and B move at the ſame time from A PLATE 
in the directions AM and AL, with uniform velocities a and b re- x . 5 
PHectively, their relative velocity will be uniform, and to a as the fine XVII. 
of 4. BAD : Z BDA, and to b as fin. L BAD : fin. L DBA or 4. BAF, 
ſuppoſing B and D to be cotemporary pofitions' of A and B, and AF to 

be parallel to B D. 


DEM. Let B, D; C, E; M, L; be cotemporary poſitions of A 

and B; and (106) 3: 6:: AB: AD: AC: AE: AM: AL; and Be ' 
conſequently. BD, CE, LM, which: meaſure the relative velocity, 
are parallel to each other, and enereaſe uniformly. becauſe, A N 
does. But the relative velocity is to :: LM: AM:: fin. 4 MAL 
: ſin. ALM, and it is to :: LM: AL:: ſin. LAM: fin. LLMA 
or 4 MAH. QE. D. POINT 7 TY n BH „ 


136. Cor. 1. The only ſenſible motion of B to a ſpectator 
placed at A, and ſuppoling himſelf to be quieſcent, will be along 
Ab parallel and equal to ML; and when A hath really deſcribed: 
AM, B will appear to have deſcribed A5 ML alen. 


137. Cor. 2, If A and B move en with. any "equal velo- FIG. 
cities in parallel directions A.M, BL, their relative ſituation i is SVIL. 
not changed, Dang always equal, and parallel, to. AB; and:if. any 


ſpace. 


® Euler's Mechanica. 


$4. | -SOLIDITY. 
ſpace AL; containing any number of bodies, move, their re- 
lative ſituations are not affected by it. To a ſpectator therefore 
placed in A in this moving ſpace, and ſuppoſing hi mſelf to be 
qackent, any 9 B will appear to be * 


138. Cor. 3. It is evident that the abſolute motion of a body 
may be changed into innumerable relative motions uniform and 
rectilineal, if its abfolute motion and that of the body, by which 
its ſituation is determined, be ſo. 


1 PLATE 139. PROP. Jf ru bodies N und B move, ur the Jame time, gg um 
| | ble. the point A, in the ech, AM, AL, with uniforms velocities, as AM, 
100 XIX. AL vepectiwriy, und B be cunfuerr as gmeſcentz; A's apparent motion 
1000 will be uniform and its ninettion and velocity as the diagonal of a paral- 

[10 Jelogram whoſe fides are AM, and AD equal and oppoſite to AL, 
{it DEM. Let m, / be cotemporary poſitions of A and B, or let 
110 Am: AI:: AM: AL and In, Lm are parallel. But when B is 
05 at / and L, As diſtance is equal to Im, LM; or, ſuppoſing B̃ to 
[4111 be quieſcent at the point A, and AE, AD be reſpectively equal and 
(1 oppoſite to Al, AL, and En, DN be drawn parallel to AM, A 
104 Will appear at » and N. But An varies as An, and therefore en- 
WI creaſes uniformly, and A N is the diagonal of a parallelogram, 
Ji whoſe ſides are AD = AL, and AM. QE. D. 
wh 140. Cor. 1. The apparent and real velocities of A are to each 
10 other as AN: AM: ſin. . MAD: fin. Z MAD. 
JI 141. Cor. 2. Suppoſing A and B to move as before, and 4 to 
1 be quieſcent, the diſtances and directions of A from B will be A, 
TI and AH, ſuppoſing them to be reſpectively equal and parallel to 
IM ml, ML. Whilſt B therefore really deſcribes AL, it appears to 
10 deſcribe AH = AN, and in the ſame right line with it; and tlie | 
100 apparent 
il 
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142. Cor. 3. An uniform relative motion along the diagonal P16, 
of any parallelogram AMND may be conſidered as reſulting from, * 
and equivalent to, two uniform abſolute motions in the ſides 4 N 
and AL — AD; and theſe motions are in the ſame plane, and their 
velocities are to each other as the diagonal and ſides. 


143. Cor. 4. If the motions of 4 and B be oppoſite, their 
relative motion is equal to the ſum of their real motions, AN 
being, in that ſuppoſition, equal to AM + AD. If the motions 
of A and B conſpire, their relative motion is equal to the differ- 
ence of their real motions, or of AM and 4D. And if the real ; 
velocities of A and B be variable, according to the fame law, their. 


relative velocity will vary according to that AV: 


144. Cor. 5. The real motions in AM and AL are ſaid to be 
equivalent to a motion in AN, becauſe they produce-the ſame 
effect in the ſame time, as if B were quieſcent at A, and A were 
to deſcribe AN uniformly in that time. And in the ſame man- 
ner two motions in AN and AD are equivalent to a motion in 
AM, or its oppoſite and equal AP, according as the body * 

ſcribing AD, or AN, 1s is ſuppoſed to be ne. 


145. Cor. 6. If the real motion of A and B, or AH and AL, 

and their inclination be known, the relative motion of either of 

them may be found; for AM, MN and 4 MAD, and conſequently 

its ſupplement A MN, being known, the baſe AN, and the 

5 Fond. or the inclination of A's apparent to its real Path, 0p 
e foun 


146. Cor. 


WG S OI DIT V. 
422460 Cor. 7. The relative and real motion 6f A, or AM., AN. 
480 the angle MAN, being known, the real motion of B, which 
is Named to be ee or A L = = AD may be found. 
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PLATE 147. Flop. Ih hav > bole A had B move at ir che ans time a een 
0 in the directions AM, BL, with velocities equal to a and b, the rela- 

6 tive motion of B will be uniform and reflilineal u — the line BN, ſup- 
pofing AN to be akpays equal, and * to rigbt lines * the co- 


temporary poſitions of A and B. 
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8 m, 7 N "ip N an nN of 4 and B, 
\ or let a:6:: Am: BI: AM: BL, and ml, ML will be the di- 
ſtances of B from A in the points m and M. And if A be con- 
ſidered. as quieſcent at A, taking An, AN, reſpectively parallel 
and equal to , N L, B will appear at » and N in the line BAN. 
which is therefore the apparent path of B. But a:4:: An (u): 
BI:: AM (NL): BL; therefore BNN is a right line, and en- 
creaſes uniformly, becauſe it varies as BL. Q. E. D. 


148, Cor. If A and B move as in this propoſition, and B be 
conſidered as quieſcent, A's apparent path will be in the right line 
ADE, parallel and equal to BN N, as is evident by taking BD 
and BE reſpectively parallel and equal to I and LM. A's ve- 
locity will therefore be uniform and <quat to * 8 Fre bs when A 
was conſidered as quieſcent. | | 


149. The abſolute and relative motions of B, and their di- 
rections being known, the direction and velocity of 4's. motion, 
which occaſioned B's relative motion, may be found; for, let 4 
and B be cotemporary poſitions of I and B, and let BI, Bn, be 
the ſpaces deſcribed in the ſame time by B's abſolute and apparent 
motion, and if In be joined, AM drawn parallel to it, my be As 
path, and A's velocity: B's velocity: : 11: B.. | 


150. Cor. 


may be changed into any infinite number. of uffn relati 
rectilineal motions} by changing the direction and velocity of As 


801 EDIT. 


10. Cor. 1. An abſolute uniform u, rectilineal auen 'B 44 


motion; for BN may be drawn of any length; and im any direction, 
and the direction and velocity of A, moving uniformly ſo as to 


. be found by d 4 
dauer acer e ge 29 M6 anbei 161 9 bc rad ing £351 Pa- 
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bas Is 20261 # olaviBiagt: od of MN ub yailogqut M bas u 913 
' 17 55. Cor. a. Whew tire: bodies move otkferb ln ic Ant t lines; 
and one of them is conſidered as quieſtent, the relative motion of 
the other is therefore uniform and rectilineal; and the ſpaces, de- 
ſcribed by it relatively, vary as the velocity multiplied into the time 


8 8 
(104), or S varies as Fx, ar: oops pl. 
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152. Cor. 3. nf the relative motion of B be variable, the abſo- 
lute motion of either A or B 1s variable. 


UV. nil Agi ors} oft ai bes A bas N H 8. 00 N 


boy 830 Pues, If ; body ah e ue fm f and an- 


— 


1 


FIG. 
XX. 


PLATE 


other boy B-move in even BIL, B' Fs appartt motion may be oy 
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Let m; , M, L, be cotemporary poſitions of * G B's 

diſtance and the right lines in Which it appears at m and M, are 
n and ML. Or, if A be conſidered as quieſcent, and An AN, 
be taken reſpectively parallel and equal to mJ, ML, B will appear 
at u J N. and its path will appear to be By Ne Q. E. I. 


en wont Yor , nt 3 TIP 25 Bine 324 2 1 1 9821 
99 3K when v 215119 & 99 Thw eq 20918qqR «Þ. .,virkorod AlfT 213 ct 
1 Itis evident that the curve Bπ M, the telative: a 
of B. may be deſcribed by the motion of ¶ in different curves; but 
all the curves deſeribed by A willi be equal land ſimilar, and have 
their correſponding parts parallel, becauſe the e eee 
ed by night lines equal and un ee NE 1 TH9IRqQqt 
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1 155. PROP, 
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ET $ 0779 Paer. B be abſolutely quigſcent, and 4 
Br Am Manor, B will: ampeur to move uniformiy. in u cru 
equal and ſimilar to ＋ eur vet art Jomilavly fituated with 
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"46 m, of be any contiguous 2 of mh being conb- 
dered as quieſcent at the point A, the cotemporary poſitions of B 
are n and N, ſuppoſing An, AN to be reſpectively parallel and 
equal to BN, B. And becauſe ee. and 

the angle NAn = angle mM, the ſmall are Na . and 
make aſp "_— ain 177 dianges Ms viren A Be 
Q. E. D. e ͤ ry d hodingt : 


? 7 ” 


& 26% brag an tes ens 220 681) 
156. Car. 1. If B move in the curve BA M. and-A be quieſcent 

at the point A, it wall N to deſcribe the curve Am M mm 

and equal to BAN. eos ati He WE: oe YE nes; 
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PLATE 157. Cor. 2. If A and B, placed in the ſame right line 4B C. 


- WU. deſcribe the circles Am M. BY in theſame time uniformly, and 

xx11, A be conſidered as quieſcent, B's appaſent path is a circle whoſe 

center is A and radius AB. For let , I, and M, L, be cotem» 
porary poſitions of A and B, and B will appear at 7 and E; or, 
ſince A is confidered as quieſcent, if An, AN, be drawn 1 | 
and equal to mi, ML, it will; appear at 2 and N, and its api 
rent diſtance from A always r HB, and the direction of N - 
_ mere e ena „IM bas! 
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158. Cor. 3. if B be conan as 1 and they move as 
in the laſt corollary, 4's apparent path will be a circle whoſe cen- 
ter is B and radius B, and the direction of its motion is the 
ſame with that of B in that corollary. For taking any cotempo- 
rary poſitions m, I, and , L; and, drawing By, B N reſpectively 
parallel and equal to n, L, A wall une a * and M and its 
hgh diſtance from ant zonil 37217 yd ba 

\ FL 159. Cor. 
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139. Cor. 4. The: relative motions f & and 
other, are equal and in Emilar chrwes. For of N 
contiguous poſitions of A. and 44; eorreſpondin 
and joining m /, ML, B's relative motion, xhilſt it p 


ML, or An, AN, A will appear to 


and ſimilar to Nx. „ 
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160. Cor. 5. If B. be immoneable and net placed in the Plate 
of A's motion, it will appear to deſcribe a line equal and ſimilar 
to the line deſcribed by A, and they will be in parallel planes; for 
taking any two contiguous Portions of 4's path, the right lines 
joining the real and apparent places of A and B are equal and pa- 
rallel, and conſequently the ſmall right lines joining them are equal 
and parallel: and this and the preceding corollaries are true wheres 


ever the'eye's imaginary place is. 
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161. To diſtinguiſh real and abſolute, from relative motion, is 
an important, but very difficult problem; becauſe the ſame appa- 
rent motions may reſult from real motions combined in endleſs va- 
riety. Every apparent motion of a body reſults from, and may be 
explained by, its real motion and that of the ſpectator and v, v; and 
therefore its real motion, and the real motion of the ſpectator, or this, 
and the apparent motion of the body, muſt be preſuppoſed 5 and, with 
the aſſiſtance of mathematics, the other may then be detected. A ſpec- 
tator ignorant of the earth's annual and diurnal motion, and ſuppbſ- 
ing himſelf to be quieſcent, muſt draw erroneous concluſions, in all 
tus reaſonings, concerning the abſolute motion of any body, becauſe 
theſe motions of .the-carth will communicate an apparent motion 
to 2 body abſolutely quicicent,;and, altect the abſolute motion df a 
body moving (1340. The relative motions of bodies muſt there- 
fore be aſcertained from obſervation, and their real motions, when 
1AHD H2 "UK 
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Abend a are deduced 1 from theſe, ths proper of Wann A 
and the quantity of mechanical: or (qualities in matter: 
that are found to generate motion. If the properties, invariably 
attached to all real motions! obtain'in' any obſerved motion; or if 
any mechanical cauſe be proved to eert an influence, which is ex- 
actly competent for the production. of any obſerved motion, it may 
oy” be inferred that this motion ts not_iniagiriary, but real“? 
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EXAMP. I. The variation of diſtance bore a ſhip and a re- 

mote object is owing to the motion of the ſhip, when w wid 
and current act and are comp petent for its pr Aen. fs 
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„Ex laß U. A FO Ailing from ſouth to north at the rate of 
five miles in an hour obſerves another ſhip which failed! from the 
ſame point E going to the ſouth-weſt at the rate of 755 miles in an 
hour nearly, and from hence it appears, that the laſt ſhip ſailed 


from eaſt to weſt at the rate of five miles in an hour nearly (139). 


ExaMe. III. The magnitude of the earth's eg power, or 
any other mechanical cauſe, is incompetent for the production of 
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"Ex, MP. w. The abel n of the fixed ſtars are ATTORS Tum 
metrically, to reſult 1 from tlie progteſſive motions” of 
light and of the STAY ae and are conſec vently only ap- 
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ERA. V V. A al circular motion b pRbHy attended with 


a 1 force, and diſtinguiſhable therefore by this effect. 


Thus the diminution of gravity; which is obſerved in acceding to- 
wards the e affords a W of the diurnal rotation of the 
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action upon a body, which produces motion, or a tendency 


t mori on, as animal exertions and the influence of phyſical cauſes, gra- 
vity, elafti city, magnetiſm, Ge. When a. force abt always <o1th the 


fame inten 
be us fg or conflant, and variable when 0 does. nor. 
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ey, or produces the fame effect i in @ given time, it is Jaid to 
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163. Dr. thy momentary impreſſion upon a body peoiliei motion, 


2 a tendency to motion, is e an empulſe, or * percuſſion; 


force. 
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uence à change, in the direction or quantity of its motion, can- 


not be produced without the application of a force.” The: cauſe of a 
body's continuing in a ſtate of reſt; or of uniform rectilineal mo- 
tion, is not any external force, but the nature and conſtitution of 
matter; and this internal cauſe or Principle is called its inertia-. 
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ſtitution of a ſyſtem, 


upon the regular obſervance of preſcribed, geber minate,, 
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| INERT IA or MATTER. 
Its exiſtence can only be collected from experience. Ny, Every 
change in the ſituation of a body, from reſt to motion, and 
from motion to reſt and to an encreaſe or decreaſe of motion, 
indicates an inertia, which is found to pervade every ſpecies of mat- 
ter acceſſible to obſervation, the particular facts, adduced in proof 
of it, being innumerable and concurring! to eſtabliſni its univerſal 
exiſtence. A quieſcent body is never diſcovered to move, and mo- 
tion, or change of motion, is never induced, without the actual im- 
preſſion of a cauſe able to produce theſe effects; for matter not 
only continues in a ſtate of reſt, by an incapacity to give motion to 
itſelf, but never ceaſes to move, 'or changes the quantity and di- 
rection of its motion, without the application of ſome philoſophic 
influence adequate to their production, as magnetiſm, elaſticity, 
gravity, &c. or animal exertion, as percuſſion, protruſion, &c. 
The time of the motion of a wheel upon its axis, or braſs topp 
upon a poliſhed ſurface, is encreaſed with the diminution of fric- 
tion upon the axis, or ſurface; and the motion of a body, placed 
upon the deck of a ſhip, and partaking of its motion, continues 
in the ſame direction after the ſhip has ceaſed to move; and theſe 
motions are evidently diſcontinued by the operation of a cauſe, 
3. e. friction, competent to deſtroy them. New motions are ob- 
ſerved without any ſenſible material impulſe, reſulting apparently 
from an innate tendency to motion; thus, a body not ſupported 
deſcends towards the earth, and, projected in a direction not per- 
endicular to the earth's ſurface, deviates from the line of pro- 
jection with a velocity perpetually variable; and new motions 
ariſe amongſt the minute particles of bodies; but theſe. are the 
neceſſary reſult of eſtabliſned natural powers, gravity, elaſticity, 
&c. Secondly, This quality is ſometimes called the vis inſita, or 
vis inertiæ, of matter, from the ſimilitude of its effects to thoſe 
of animal powers exerciſed upon a body, both producing a 
change of motion. If a body A, placed upon a poliſhed table, 
or ſuſpended by a rope, be quieſcent, it will continue in that ſtate 
till urged by ſome external cauſe; and if another body B be pro- 
jected with any velocity, and impinge upon A, it will communi- 
cate motion to it, and be itſelf retarded. When the effect of — 
231 | e | | impa 
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impact is conſidered in relation to the change produced in A. B 3s 
ſaid to act upon A; and, when conſidered in relation to the 
change of motion produced in itſelf, it is ſaid to be xeſiſted by 
A. Action is uſually aſcribed to a moving, and reſiſtance to a 
quieſcent, body; but they may both be conſidered as actions, be- 
cauſe they produce ſimilar effects, that is, a change of motion. 4, 
by its vis mertiæ, deſtroys a part of B's motion, and B, by endea- 
vouring to retain its preſent Rate, that is, b its vis inertize, pro- 
trudes, and communicates motion to, 4. Thirdly, Every change 
in the ſituation. of a body is therefore univerſally allowed to in- 
dicate ſome philoſophical Inffuenee, or animal exertion ; and whe- 
ther à body. be quieſcent, or moving, the quantity of its inertia 
is invariably the ſame ; for it is diſcovered from experiments, the 


9431 he force of gra- 
nearly, equal to th: -two 
falling from a;{tate of f 


cate an encreaſe of velocity equal to a, and-ipſe-a velocity equal . 
to J, by impinging on HA moving in the fame direction with 
velocities equal to m, 2 , 3 u, Bc. Conſequently the vis n- 
ertiæ of A, eſtimated by the velocity, and encreaſe>or-devreate, 
communicated to it, is the ſame in a ſtate of motion ahd ue 
Fyurrbiy, As the whole vis inertiæ of a body is oompoſed of 
that of all its parts, and as we cannot conceive the vie ier 
tis of the ſame or equal particles to be encreaſed or dimi-. 
niſhed, the whole vis inertiæ of different bodies. will vary as the 
number of equal particles, or quantities of matter, contained in 
them. The invariable reſult of experiment is, that bodies equal 
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to AH, 2 A, 3 d, &c. and heterogeneous bodies, whoſe weights are 
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as 1 2, 3. &c. receive the ſame velocity by the action of forces; 


_ whole: magnitudes ang as 1 2, 3, &. ener router 107 gt 
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Dr. M. Preſuming that equal palllther of "matter have un equal 
inertia, it is evident that the preſſure of one particle upon an'ith- 
moveable obſtacle, or the force requiſite to generate or deſtroy its 
velocity, will vary as this velocity, or as /; and becauſe the impetus 
of any body is compoſed of that of every particle or 2, ard 1 nd 
Hare n N Mwill vary as V x h * od For 1 55 1 
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The moments of different bodies vary as the uniform forces 
capable of generating or deſtroying them, in equal times, being 


their whole cotemporary effects 5; but forces equal to F, 2 F, 3 F, 


&c. will evidently communicate, in the ſame time, the ſame velo- 
city to 1, 2, 3, &c. equal particles endued with an equal inertia, 
and velocities as 1, 2, 3, &c. to one particle. Therefore F, which 
is as M, is encreaſed in the ſame ratio, with the velocity or V, and 


number of equal particles or 2; and, theſe Being e ne 
"a as Qx (64). Ns D. 


© Reil's Phyſics, Loct. IX. 
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Fs of this propoſition, which is perhaps more properly; aud 


with more conviction, demonſtrated by experiments, + 1.1 be mor 
ments of different bodies are collected by meaſuring 1 10 magni- 
tudes of the forces required to produce them, or the magnitudes 


of their catemporary effects ſimilarly produced, in the ſanple@® and 


moſt intelligible Bn which m. be deemed the ch gh a- 
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"xv. 1. If two eg Mherical er mon in oppoſite 
directions, meet and after impact be quieſcent, their moments muſt 
be equal; but their quantities of matter are always found tobe: in- 
Wade as their velocities. Or, if they move in the ſame dire 
and one overtakes the other, the velocity gained by the ftrue] 


body, and loſt by the ſtriking. body, are I e ee 
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Ex. It. If a LIE A be ud on che fame aa &f . BN] 


crum of a, ſtraight lever, at the diſtance of 1, "34 3; &c. feet from 


A, it will move with velocities as 1, 2,3; and be reſtored to an 
equilibrium by the bodies A, 24, or 34, &c. placed, at the diſtance 
of one foot, on the other ſide. And; in general, a body, whoſe weight 


is nx A pounds, at the diſtance of one foot from the fulcrum, is 


nx A nx A 
2 LE hos. aa 


„&. at the diſtance of 2; 3,4. &e. feet from the fulcrum re- 


l 0 
ſpeRively. The preffures or moments, are juſtly inferred from 
theſe experiments, to be as their weights HWA into their di- 
ſtances, or as the quantities of matter multiplied into their velo- 


found to equilibrate with bodies, whoſe weights 
2 A 


cities. And the ſame concluſion reſuilts from experiments upon . 


every other, however complicated, machine, When allowance i: 18 
made for friction, and the velocity is properly eſtimated. 
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with the velocity V M, varying as 2 x 75 will vary as op (10 5), 
S, varying as VX T, will vary as 1 2 and ae vary as S * 1 
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ee. Ang bother Werefske With B, moving in op⸗ 
ſite directions with velocities reſpectively equal to a and 5. meet, [ 
Ln after impact be quieſcent; or if their effects to produce mo- 
tion upon any machine be oppoſite and equal, and their velocities, 
when properly eſtimated, be 2 and 5 A = BNB, and A: Br: 
5: a (38), or A and B are to each other inverſely as their veloci- 
ties. The converſe of this 1 1s true, and if the bodies be inverſely, as 
their velocities, or 4: B:: 5": a, their moments are equal, or they 
are in equilibrio upon ay N and. A = Bx 6 (3 7) 
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1839 Forces are argon if: by me foreign writers into two. 
kinds 1ſt, of bodies at ee of bodies-1 in motion. 
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INERTIA Or MATTER. | 
Secondly Tb farc of a/ moving! body, atifing. from its inertia, by 
which it communicates motion, ar & change:of, motion, to another, body, by, 
impact, overcomes gravity, friction, and othen prelſures, and is only de 


viva, to diſtinguiſb it from the vis mortuæ. 


, y9030%..213-tnrlt..iodions-a vbaed did foot 
Concerning the, meaſure, of the firſt of theſe forces no doubts | 
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locity, remaining invariable, when eſtimated in the ſame direction. L 
But the followers of Leibnitz, adopting, a different definition of 4 
force, derive a different concluſion : they do not ſuppoſe the force to | 
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a8 with uniform intenſity, as it may decreaſe gradually to evaneſ⸗ 
cence, which happens in the colliſions of bodies, and actions of 
fprings; and the time of action, and ſometimes; the direction, is: 
diſregarded, and not deemed to- affect the reſult. Though it be 
true in ſome particular caſes of the communication of motion 
from one body to another, that the force, according to their ac- 

ceptation of the term, varies as the product of the quadtity of mat - 

ter and ſquare of the velocity, or that this product is the ſame 
before and after impact, tlris concluſion cannot be affirmed to ob- 

tain generally. The doctrine advanced by Newton is univerſally 
true, according to his meaning of the term force; but whether the 

opinion of Leibnitz be true or not, is beſt. knoꝶn from experiments, 
the reſult of which is generally repugnant toi it : and it would there 
fore, perhaps; create leſs confuſion to adhere to the old definition of 
force, include the time of action, and ſuppoſe the intenſity of the 
force, during that time; to be the ſame. The diſtinction between 
theſe two kinds of forces hath often been urged to be ſuperſluous, 
for the following reaſons. Finſt, The force of a moving body is a 
vague and undefinable term; for there is no force in 4 body conſi- 
dered abſolutely, except its inertia, which is always the ſame, whe- 
ther the body be quieſcent or moving; but if a moving body im- 

pinge upon another body either moving or quieſcent, its Ee 
exerts itſelf as a force, whoſe magnitude is relative and depends 
upon its velocity, and the magnitude and velocity of the ſtruck 


body. If the body A, moving with the ſame velocity a, impinge 
upon. the quieſcent bodies B, 2 B,. 3 B, &e. or upon the ſame body. 
B quieſcent, and moving with different velocities equal to &, 25, 
36, &c. it will in every caſe produce a different effect, and the 
change of ſtate, both in the impinging” and ſtruck body, will be 
different. The force of ſprings, and animal exertions, is alſo rela- 
tive, and it ſeems therefore improper to talk of the abſolute force 
of a moving body, ſprings, &c. becauſe it is relative. Secondly, 
No idea can be formed of an inftantaneous communication of 
motion; for, in the collifion of bodies, the parts which: come into 
contact firſt, are diſplaced and move, and ſome time elapſes before 
motion be communicated to the whole body. This interval of 
time between the firſt eontacł of the neareſt parts of the imping- 
ing 
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ing bodies, and their motion, is the time of collifion; in which tie 
bodies exert a mutual, and perpetually variable preſſure, by which 
their ſtate is gradually changed. This is moſt obſervable in ſoft 
bodies, or thoſe whoſe parts yield to percuſſion; and, as the parts 
of all bodies do yield, obtains univerſally, in a greater or leſs de- 
gree, according to the different contexture of their parts. The 
forces of percuſſion are therefore preſſures, exerted with variable 
intenſity for a ſhort time; and, to comprehend their magnitude, . 
this time ought- to be aſcertained, the quantity of preſſure, for 
every inſtant of this time, computed, and the whole collected into 
one ſum. This diſcrimination of forces ſeems therefore to be un- 
neceſſary, becauſe the action of colliſion is nothing more than the 
ration of a continued preſſure, and preſſures and percuſſions are 
firnifar, and properly expreſſed by the ſame term, force. The argu-- 
ments adduced; in ſupport of their opinion, by the advocates of Leib- 
nitz, are derived from experiments upon, the collifion of bodies, the 
action of elaſtic ſprings, the compoſition and reſolution of motion, 
the indentings or cavities formed in clay, tallow, &c. by falling. 
bodies, and the velocity” of fluids in hydraulics. I will only pro 
duce a few experiments, which may convey. ſome. uſeful now. 
ledge, are moſt ſtrongly urged in ſupport of this hypotheſis, and 
appear reſort: to militate againſt. the old opinion. 230 


The = x one tpring 1 be ronnilite! to Ae ue motion of a 
body, whoſe velocity is 1, four ſprings, equal to it, are requiſite: 
to deſtroy 1 its motion when its velocity is 2, nine ſprings when its- 
velocity is 3; and generally the number ſprings varies. as the [quare:: 


of the velocity of the moving 1 


be wy The number of men, horſes, &c. of equal ſtrength re- 
quiſite to communicate velocities, as 1, 2, 3; &c. to any body, are: 
as 1, 45 90 bc. or as the Erpel whos the velocity. 


Theſe ſimilar exparinhnits: may 1 true, and indeed ſcem to be: 
eſtabliſned- 
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| eſtabliſned by Graveſand, Deſaguliers, &c:; but they prove no- 


thing againſt the common opinion of the force of bodies, which 


is not meaſured by effects produced in any unequal times. And 


beſides, the effect of any number of agents, as ſprings or animal 
exertions, cannot: properly be ſaid to meaſure their force; becauſe 


their whole force is not exerted, that of each, conſidered indivi- 


dually, being greater than when acting in conjunction with the 
reſt, and will be greater or leſs accormng « as the nber of the reſt 
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; Exp. III. If the velocity of water, ſtriking upon the float-board, - 
or ladle-board, of a mill, be as 1, 2, 3, &c. the effect of the wheel 


is found to be as 1, 4, 9, &c. or as the ſquare of the velocity of 


the ſtream; and the force of the water, being meaſured by its ie, 
yaries therefore as the ſquare, of the velocity. In this experiment | 


the number of particles of water ſtriking the board in a given 
time, encreaſes as the velocity, and, the force of each being en- 
creaſed in the ſame ratio, the effect ought to be as the ſquare of 
the velocity. Theory is very ſeldom confirmed by practice with- 
out allowances for the operation of collateral cauſes, which, perhaps, 


cannot be made with demonſtrative accuracy. Such experiments 
as this are too imperfectly underſtood to juſtify any general con- 


cluſions againſt experimental proofs clearly comprehended, or 
theoretic demonſtrations, reſulting from data, which, perhaps; do 
not take place in the experiment. 


Ex. IV. Mr. Smeaton has proved, by ſome. very ingenious ex- 
periments (Phil. Tranſ. Vol. LX VI. pag. 469.), that the mechanic 
power to be expended, varies as the ſquare of the velocity to be 
generated, and the velocity as the impelling power multiplied into 
the time of action. But the mechanic power, according to Mr. 


Smeaton, is meaſured by the weight multiplied into the {ſpace de- 
ſcended, and from this definition, his concluſion is inevitable: 
but this power is different from what is uſually meant by mo- 


ment, force, &c. In Ne. 2, 3, the weight $ deſcends through 
55 ſpaces 


* 


Nr 


I Ot 0 EPS TS a Se Oe WARREN 


. 3 | * 
TNERT TIA OT MATTER. 

ſpaces equal to 105 and ah turns, in 28: and T4;" reſpectively, and 
communicates velocities nearly as 2: 1; and in this experiment 


the weight & acts with the ſame intenſity for times, whoſe ratio is 
2 1, but its capacity to communicate Dp A tr ac _ 


Tpace, nan OREN: H 69 le me 
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"Exe. V. x 3 are n in ati. 1 Ke. 7" n. 
bodies falling through ſpaces inverſely as their quantities of mat- 
ter; but the cavities being equal, the cauſes, or forces of the bo- Y 


dies, are equal, or as * = (ſuppoſing Sto repteſent the ſpace) or as 
8 * from the polen, or as 7 Vo pe, 1 


: # $ } 2 8 8 pe . ; 
. +, * | 2 1 — iy $ 4 « G . 1 


Exp. VI. A ball ſhot with velocities as 1, 2, 3, &c. is found to 
form cavities in wood, elay, &c. whoſe yr are as wy 4 9, Tz. 
or as the ſquares of the a ; 4 054m 01 3 


The two laſt experiments Drove notking . the common 
doctrine; and though they are of practical utility, yet admitting 
the propriety of meaſuring forces by their whole effects produced 
in any unequal times, they do not vary, in theſe experiments, as 
the ſquare of the velocity: becauſe the cavities formed are not the 
whole effect, a greater or leſs motion being communicated to the 
parts contiguous to the cavity in the ſtruck body, according to the 
magnitude and velocity of the ſtriking body. A ſmall. body, mov- 
ing with a great velocity, may by impact overcome the coheſive 
force of the particles of the ſtruck body, and effect a ſeparation 
between them; and from its great velocity, or ſhort time of ac- 


tion, little ag dee Wl be. communicated to o the © conpiguons parts; 
| Sem 51. ie t 26915: | but 


, . 
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"4V Theſe experitnents are Mimsdisbely deducible from mechanical princi iples. Let * 
the radius of the barrel M; Vr velocity generated in K in the time T; Tand Z = the re- 
ſpective ſpaces paſſed through by & and E in the time 7; and 1 = Ls diſtance from the 
axis Be, And from eſtabliſhed principles, the force impelling K's .80z. x F, or as F, 
and, becauſe F 1s conſtant, F x is as J. F is alſo as Z; but X: Z:: : K there. | 
fore X (or the ſpace deſcended by 5, which is as the mechanic power) = Ex F. and is as; 
FX TI, or as V. 3 Trani. Vol. LXVI. p. 469.) 
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but a great body, moving ſlowly, will form no cavity in the ob- 
ſtacle; beeauſe the moment of thoſt parts af its ſur face in contact, 
is leſs than the-coheſive force of the parts of the obſtacla, and the 
parts ſtruek will. by their unknon connection with the parts ad- 
| 1 joining, communicate motion to them, and theſe to the next, till 
| the whole obſtacle move, Two bodies therefore moving with the 
ſame moment, may produce quite diſſimilar effects; and as lines, 
ſurfaces, &c. are meaſured by the application of ' a common mea- 
lure, the magnitudes of forces are to be meaſured by their effects, 
= which ought to be ſimilar in every refpect, and this fimilitude is 
. moſt obſervable and beſt ef in experiments upon the lever 
and other ſimple machines.“ | 


* 


LAW. S op MO TIONA N 
174. The laws of motion are general rules, or conſequences, 
reſulting from the nature and conſtitution of matter, and its re- 
lation to mechanical forces, the cauſes of motion, by which it is 
governed, and from which it cannot deviate without ſuffering a 
total change of its nature. Their truth is eſtabliſhed by a num- 
ber of 3 and uncontroverted obſervations, all informa- 
tion upon natural, powers and motions derived from them bei 
only deducible from, thence; and, when thus eſtabliſhed, they are 
eſteemed to be uniform characteriſti marks obtaining in all ma- 
terial motions. 
FIRST 
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* Let.s repreſent the effe&, or Gr er 2 0 which any obſtacle | is impelled by: a moving 


body, v be the velocity of the body: and if c eas 0, is an 2 0.4, 025 44, ox as 3 (if 


i be the time), and & therefore is as 4. The decrement of velocity is therefore as Fd time 
in which it is produced, and the reſiſtanee muſt be conſtant : which ſeems to be a neceſſary 
property of the vis viva; but as this ſeldom happens, and che vis viva is teally a preſſure, 
and may be meaſured in the ſame manner with the vis mortua, the term force may expreſs 
them both. 

See Deſagulier, Vol. II. p. 51. Maclaurin's Account of Sir J. Newton's Difeqvetier; p. 
178. Diſcouts ſur les Loix de la comm. du Movement, Oper. Tom. III. and Diſſertat. de 
vera notione virium vivarum. Act. Petropol., Tom. I. p. 131. Muſchen. Int. ad Phil, Nat. 
Vol. J. p. 83, &. Phil. Tranſ. No. 371, 375, 376, 396, 400, 402, 459- 


+ Maclaurin, Book II. Chap. II. Newt. Prin. p. 13. Keil's Phyſics, PE 
Helſham, Lect. III. 8 rn * | | | 
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The rbk of this 1 hap i ; collected 97 ab 1 18 11 
. to the inertia, or that quality, ty, of matter, by which it 
continues in every new ſtate; for, this being eſtabliſhed, it is Aa 
neceſſary” reſult that it cannot begin to move Nog a ſtate of reſt, 
nor, if in motion, can it accelerate, retard, or Bud the direr- 
tion of that motion. W e e e rn age , 
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* Cor. Bey body, moving in a curve line c or in a right line 
with a perpetually varying velocity, is acted upon without inter- 
miſſion during 1 its motion, by ſome external force; and every body, 
moving in a curve line, has a perpetual tendency to move in a right 
line, and to leave the curve in the direction of a tangent to cht 


pac of the curve RT the Wines . > 10 Boiſgqs bas 
er ts io 110, 59500 S +: Sind mon beer 
SECOND: LAW or e 2: | 


177 Motion, and change of motion, | are proport: onal to, and i in the 
di A E. the force tot 


- Theimotlon comtdinichrkted:to = ilguikſcenr body is 83 
to the cauſe producing it; and when a body is accelerated or re- 
tarded, during its motion, the acceleration and retardation are 
proportional to the force producing them. If a body move upon 


+ inclined plane AB, or in any curve line LA, by the action of FIG. 
a force tending to any point &, the change of motion is not pro- XXVI. 


portional to the whole force directed to that point, but to that 
part which acts in the direction AB, or NT touching the curve 
where the body is; for this part, only, accelerates or retards the 
| K body's 
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LAW SOT MO TIN. | 
body's motion. When water or air act upon the vanes of a mill, 
or fails of a ſhip, the change of motion is net Proportional to the 
whole force of the water or air, but to that part, which is actually - 
impreſſedd upon them; for, If the yelocity of the water or air be 
equal to that of the vanes or ſalls, they will move on together 
without any acceleration; and, if the direction of the air or water 
be oblique to the motion of the vanes or ſhip, ſome force will be 
ineffectual, and the change of motion will be proportional to the 
remainder, acting in the direction of their motion. 
The truth of this lay is demonſtrated, by numberleſs experi- 
ments phony the motion, andc of direction and motion, com- 
municated b 12 material impulſe. Every experiment upon the ef- 
fects of conſpiring and oppoſite forces, and the effects of forces, 
acting obliquely, or reſulting from the compoſition and 1gſolution 
of forces, demonſtrated experimentally, exhibit concurring proofs 
of its truth; for were motion, and change of motion, not propor- 
tional to, and in the ditection of, the force impreſſed, it may be 
proved geometrically that theſe effects would not take place. 
The concluſion is therefore inevitable, and, being thus eſtabliſhed 
by uniform experience, may be deemed a fixed principle in nature, 
and applied not only to the explication of thoſe particular expe- 
riments from whence it was deduced, but of all other natural 
phenomena. This law is alſo a proof of the inertia of matter, 
or, that being eſtabliſhed, a corollary from it; for if matter 
can produce no change in itſelf, it muſt move in the direction 
of x uh force impreſſed; and, ſince the vis inertiz of a body is the 
ſame, whether moving or quieſcent, 1t is evident that the geneſis, 
encreaſe, and decreaſe, of velocity equal to “ in any body, require 
exactly the ſame force. If the force of collifion, or impulſe of 
any force ſuch as gravity, be capable of generating a velocity, equal 
to V, in the body A, it will in the ſame time generate an encreaſe, 
or decreaſe, of velocity equal to in be e nen as it 
W 9 with, or eres its motion. 
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Fe 178. Cor. 1. „The velocity 3 by e one i ingle impulſe equal 


to u F, n being a number, is e to that generated by n {ra 
ceſſive 


LAWS or MOTION. 


ceſſive conſpiring impulſes, each of which is equal to F; and can 


ſequently the velocity communicated to a body by any number of 
forces acting in the fame direction is the fame, whether they act 
together or ſeparately; becauſe the geneſis, and TG, * a ve- 
Wb = . eue 8 en, nn ** vil 3 ins; 510 


iin # ; cid 
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179. Cor. 2. The * 2 in any boty, by. anyn num- 
ber of unequal conſpiring impulſes, X, 2. Z, &c. is as their ſum; 
for let x, y, 2, &c. be the velocities reſpeRtively generated by them 
in any body A, and (177) X: T. zx :, and X: A:: : ＋ 1. 
and X: X- +3, &. And the velocity, com- 
municated to any body by a force F, in a given time, is as the 
magnitude of that force; for ſu ppoling this force to act by im- 


_ whaſ enen are e en, Fx AF Y+ R 
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187 1. Cor. 4. The Ade Heated in a body! in the ant time 
by two forces X, T, acting in in oppoſite directions, is as their dif- 
ference; for (177) EY Bene and X: * LS 5 oh LO 
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$ "THIRD LAW OF MOTION, . 


1 8: 2. Action and reattion are always equal and oppoſite; or the mu- 
tual act ons 7 00 vodi ies oy, always ** and i in $14 the ai reffions, 


This 85 e — | oblervable. in all the — . — — 
reſulting, like the two firſt, frem the inertia of matter. Were 
matter diveſted of this property, motion would be communicable 
without reſiſtance, and conſequently without effecting any change 
in the force communicating it. The action of all forces, whether 
. by the viſible impact of one body upon another, or the 

K 2 inviſible 
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inviſible agency of gravity, magnetiſm, &c. conſiſts in producing 
preſſure and motion; and reaction in ſupporting this preſſure, or 
reſiſting the production of motion. And theſe this law aſſerts to 
be equal, when eſtimated in oppoſite directions; which, being 
proved experimentally, like the two firſt, in all communications 
of motion with which we are acquainted, may be eſteemed a ge- 
neral principle pervading the whole material ſyſtem. 

In the communication of preſſure upon any immoveable plane, 
whether ariſing from the protruſion, gravity, or force of impact, of 
a body; the meaning of the law is, that the refiſtance of the plane, 
and an oppoſite force equal to that producing the preſſure, have 


preciſely the ſame effect, as they only deſtroy the force of protru- 
ſion, weight, or impact. In the communication of motion by viſible 


impact, the meaning of the law is, that action is mutual, equal and 


oppoſite, or that the quantities of motion loſt and gained, which 
meaſure this action and reaction, are equal when eſtimated in op- 
poſite directions. It is always ſuppoſed, that the quantity of motion 
is eſtimated by the product of the quantity of matter and velocity. 
No idea can be formed of the loſs of motion, except by communi- 
cation; and that the quantity, loſt by the impinging body, i is gained 
by the ſtruck body, appears from innumerable experiments _ 
the colliſion of bodies. If a perfectly hard, or a ſoft body, A. 
moving with the velocity Y, impinge upon an equal unelaſtic body 
B, they will move together, after impact, with a velocity equal to 


0 and if 4, moving with the velocity F + u, impinge upon B, 
moving in an oppoſite direction with the velocity 2, they will 


＋ 
move together, after impact, with a velocity equal to 2 . And 


whatever be the magnitudes of A and B, it is the vie reſult 
of experiments, that the quantity of matter in A, multiplied into the 
velocity loſt by it, is equal to the quantity of matter in B, multi- 
plied into the velocity which it gains. by impact; or if / and ꝗ re- 


preſent the velocities loſt by A and gained by B reſpeCtively, Ax / 
— Bxg. When A and B are perfectly elaſtic, the velocities loſt 


and gained are doubled, and the law till obtains, 4 x 21 being 


equal to BN 2g. If motion 1 n» to any body A, by 
any 
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| any force X protruding, pulling,' &c. the meaning of the lar i, 


that the reaction, or reſiſtance; of A deſtroys ſuch a part of X*s force, 
as would be deſtroyed by a ſimilar force, capable of generating 
that motion in A, acting in oppoſition to X. In the communica- 
tion of motion by unknown means, as by gravity, magnetiſm, re- 
pulſion, &c. the law aſſerts that the body, attracting or repelling, 

moves in an oppoſite direction to that of the body attract ed or re- 
pelled, and with an equal quantity of motion. The attraction 
between the earth, and any body upon its ſurface, is mutual and 
equal; for, were it not, a rectilineal motion would enſue. from 
the ſtronger attraction, which is contrary to experience. And, 


ſince gravity is an innate principle, it, and its effects will remain 
the ſam& when that body is detached from the earth, and conſe- 
quently their attractions continue to be mutual and equal, and 


they will meet with equal moments. If two magnets A and B, 
whoſ: weights are unequal, be placed upon two pieces of wood, 
floating in water within the reach of attraction, they will meet 
with velocities inverſely as their quantities of matter; and, if a 
reed be inſerted between them to prevent their junction, they will 
be quieſcent, which they would not be, were their attractions un- 
equal. When the weight of A is equal to 2, 3. 4, &c. times that 
of B, its velocity, in an oppoſite direction, is equal to , 3, &c. of 
B's, the products of their weights and velocities being always found 
to be equal. And if A is repelled, B is alſo found to be repelled 
in an oppoſite. direction, and their velocities 'are always' inverſely 
as their weights. This law, being found to obtain in all actions 


of bodies within the reach of experiments, is 2 to obtain 2 
wenn eee the tar ſyſte. 1 143 


183. Cor. In the impact of bodies therefore the quantity of mo- 
tion, eſtimated in the ſame direction, is the ſame before and after 
impact. If A, moving with a velocity equal to a, impinge upon 
B, moving in the ſame, or an oppoſite, direction, with a velocity 
equal to 5, the ſum of their moments after impact, is equal to Aa 

+ Bb, or Aa — Bb, according as they move in the ſame, or op- 

Polite directions; for, if they move in the ſame direction, the en- 


| creaſe 


COMPOSITION AND 


_ creaſe'of moment communicated to B is deſtroyed in A, and their 
fam continues the faine ; and, if they move in oppoſite directions, 
the leaſt moment, and a part of the other body's moment equal 
to it, are deſtroyed, ſo that their ſam after impact continages "OR 
equa to fo—Bh, the ſame as defore ab e e ieee c 


ce hoe ao ie RESOLUTION or FORCES. | 


184. * The ſame motion may be communieated to a body B by 

a ſingle force Z, and any number of conſpiring forces, into which 

it is ſaid to be reſolvable, and they are faid to be compounded into 
PLATE 21 thus the body B may deſcribe the line BP, in the ſame time, b 
FIG. a force Z aCting in that direction, or by two, three, & e. forces &,. 

XXVII. &e. inclined to it. For it is evident, that B, acted upon at the 

ſame time, by two forces X, Y, in directions making an angle, 

which ceafe to act after the body has left the point B, will move 

in ſome intermediate rectilineal direction, and this, by changing 

the inclination and magnitude of X and 7, which are variable 

without limit, may be any intermediate line whatever BP. The 

force Z is ſaid to be reſolvable into the two, X and Y, producing 

the ſame effect with it; and, vice versà, X and Fare faid to be com- 

pounded into one, Z, which produces the ſame effect with them. 


185. Pro. 4 body B urged at the ſame time, by two forces x, y, 
whoſe action ceaſes when the body has leſt the point B, and ubeſe nag 
FIG. nitudes and directions are as two right lines BM, B N, making any an- 


"TY gle, will move as if it were impelled by one force 2, whoſe magnitude and 
direction are as BP, the diagonal of a parallelogram, whoſe fades are 


1m bete | « | 
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” '. Newt: Princip. p. 14. Muſchen, Ch. Xx. Helſham, Lect. IV. Maclaurin's Newt. 
Ch. II. Gravel. Lect. I. Ch. XIII. Hermannus, Lect. I. Ch. II. Varignon. Tom. I. Se. I. 


+ The magnitudes of forces, whether animal exertions as pereuſſions, protruſions, &c. 
or philoſophic powers, as gravity, magnetiſm, &c. can only be compared by meaſuring their 
effects, which are ſuppoſed to be produced uniformly in the ſame time. And, in this ſup- 
poſition, it is evident, that the concluſions will be the ſame, whether the forces &, * be im- 
pulſes, or the ſame number of impulſes always equal to themſelves. 


RESOLUTION of FORCES. 

DEM. The atceiof BS to, or receſs from, MP, is not affected 
the aſtion of y; nor its acteſs to, or receſs from, N, by the 
action of x (ſecond law of motion): therefore they will carry B 
to MP and NP reſpectively, in the ſame time, whether they act 
together or ſeparately. But if they act together, B, being carried 
to both MP and NP, muſt be found at P their interſection, and 
deſcribe BP uniformly (Hirſt law of — 455 which is the mag 
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Let BM, moving parallel to NP uniformly, arrive at NP in 
the fame time that B deſcribes BM uniformly, which conſequently 
at the end of that time will arrive at P. And if u 7 m, be any 
new poſition of BM, and the body at p; Bn: np:: velocity of 
BAY: velocity of the body':: BV: BM(106); therefore p is always 
in the diagonal BP; Bp encreaſes uniformly becauſe BA does; and 
BP 1s the W and direction of z 1 55 8 0 D. 
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1786. Ove: £ r. A "A 2, producing the Carne effect with two e 
Ki , which are as BAM, BN, is as twice Bs, ** to be 
the biſection of BP. 


1387. Cor. 2. If any two forces att upon ch en en 8 
| WERE make an | WIS It cannot be e on 294 
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188. Cn tion tac by a fide of a triangle BP, 
may be ſubſtituted for two repreſented by the remaining ſides BM, 
MP; and it 1s E to be are eb to _ wann they pro- 

* 8 18 5 duce 


* This propoſition, which is deduced from the ſecond law of motion, may be demonſtrat- 
ed not inelegantly from the third. 'The forces x and y, urging the body Bobliquely, partly 
oppoſe each other, and ſince, from the third law of motion, the oppoſite parts are equal, the 
path of B will be equally diſtant from any cotemporary poſitions of it, M and N, when they 
act ſeparately; which therefore is Z s, being the biſection of B P. And becauſe each of 
the forces x, y carry B through Bi, they will both carry it through 2B of BP, the dia- 
gonal of a parallelogram, whoſe hides are BM and BN. 
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duce the Fg oO make a body deſcribe B in the ſaine 
time. And theſe three forces BM, BP, BN are in the ſame Plans. 
eren P. II. wid 201; ; (FOTO to vel nodes) * 10 fois 
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189. Cor. 4 4 17 — BM; is 1 to BA 04 1M; 1 


XXVII. BN to BC 5 5 CN; and therefore theſe-forces BA, AM; BG, CN, 


FIG: 


XXVIII. 


XXIX. 


FIG, 
XXX. 


are equivalent to, and may be ſubſlituted for, the force BP. And | 


any number of forces, whoſe directions are in the ſame plane, 
may. be reduced to one in that plane producing the ſame effect 
wh ae 


- % - ** " — * SV go _ — 
- 4 - * 1 4 . . « 23 * = 23 & J C 
: to — - | ) > Ht = - 
* 
® ”- ff 
5 . A 


= ST = & 5; 


of forces A 05 AB, AF, 860. in different A may be reduced 


to one AD D profes: the ſame effect with ms 


191, Cor, 6. The . of this is true, and one force BP, 
or A D, may be reſolved into any number, either in the Jame.: or 
different planes, producing the ſame effect with it. 


192. Cor. 7, The velocity generated by x: velocity generated 
by x +y:: BP: BM + BN; and the quantity of motion is there- 


fore diminiſhed by compoſition, and encreaſed by reſolution; but, | 


when eſtimated in any given direction BL, it remains invariable. 
For let BP, BM, BN, be each reſolved into two, one in the direc- 
tion BL, and the other per er ee, to it; and from: fimilar tri- 
angles 
and comp. PD: 2 L: 1 :yni:BE: Bm, 
therefore B L = B m -+ Bn. 


— ; / 


193. Cor. 8. The ſame force ⁊, and conſequently the ſame ve- 


locity, may be generated by an infinite number of Pips of forces, 


F ²˙ : 


| becauſe | 


al; WT 


GG 8 * 


RESOLUTION or FORCES. - 
becauſe the ſame. right-line may be the diagonal of an infinite 
number of 6 1901 


194: Cor. 9. The parte of the two forces, direAly 608 to 
each other, are to the parts, acting in the diagonal, as Mm Nn 
to BMM Bn, according as the angle MB N is not greater, or 
greater than a right angle. If * and y are given, and the angle 
MBN be ſuppoſed variable, and become equal to two right angles, 


then N will come to N., P to P, s to & (s always biſecting BP and 


MN) and 2 Bs, or the conſpiring parts of x and y, = BP' = BM 
— BN; if this angle vaniſh, then N will come to N”, P to P”, to 
Ss", and 289, or the conſpiring parts of x andy, = = DP BM—+BN. 


195. Cor. 10. If BP and the angle BMP be given, the-curve 
line paſſing through M., in different poſitions of M, is a circular 
arc ſubtended by BP; if BP and BM-+ MP be given, this curve 
line is an ellipſe, whoſe focal diſtance is BP; and if BP and the 
difference of BM and MP be given, the curve is an hyperbola and 
BE its n diſtance. 


196. PROP. Any three forces x, y, 2, whoſe directions are B x, By, 
BN in the ſame plane, acting upon a body B without producing motion, 
are to each other as the 1 1 Ades of a triangle "re ively ee fo 
their diredbtions. 


Ds: M. Let BN be the magnitude of z, and be reſolved into two, 
in the directions y B, x B; viz. BM, BP; which muſt be reſpec- 
tively equal to x and y, becauſe in equilibrio with them, and act- 


ing in the ſame directions; therefore x, , z, are to each other as 
BM, BP (MN), BN reſpectively . D. 


197. Cor. I. x, y, z are to each other as the three ſides of a 
triangle reſpectively perpendicular, or equally inclined to their di- 
rections; for this is ſimilar to the former. 


E 


FIG. 
XXXII. 


FIG. 
XXXIII. 


FIG. 
XXXIV, 


en COMPOSITION AND © 


| 108. Cor. 2. W two of theſe forces are to each other invorkchy' 
as the ſines of the angles, which their directions make with the 
direction of the third. For, 
| | 2 % f: BN: BP f: tin. 4 BPNor PBM : ſin. 4 BNPor NBM, 
= | 2 : X :: BN: BM:: lin. 1 BMNor MBP: ſin. .MNB or NBP, 
_—_ 7 : BM: MN: : fin. 4BNM or MA fin. 4 MBN.. 


199. Cor. 3. Ml he angle x By, and W of x and 5 being 
given, the magnitude and direction of à may be found; for BM, 
MN and the angle BMN, the ſupplement to the angle x By, being 
known, BN, and the angles MBN ane MNB or NBP, may be 


found by trigonometry. 


200. Cor. 4. Any number of forces in the ſame plane, acting 
upon a body B which remains quieſcent, may be reduced to two 
equal and oppoſite: if BM, BN, BD, act upon B, they are equi- 
valent to BP and BC in oppoſite directions, which muſt be equal: 

becauſe B is quieſcent. | | 


201. Cor. 5. Any number of forces in different planes, urging 
a body without producing motion, may be reduced to two in the 
ſame plane, equal and oppoſite. It BD and DC be elevated above 


the plane BNM, and R be the common interſection of the 


muſt be equal to BC, which 3 18 1 to BD and DC, becauſe 
IF are oppolite and deſtroy each other. * 


2002. Cor. 6. If more than three forces BM, BN, ond BD, — 
of which is combined from two, act in different planes, upon a 
body B without producing motion, and are eſtimated in any direc- 
tion BL by letting fall parallel lines upon it, the forces reſalting 
will. produce no motion in that direction; for the parts. of BM, 
BN, reſulting from this reſolution, which are in the direction BL, 
are equal and oppoſite to the part of BD reduced to the ſame. di. 
rection, and the ſums of the oppoſite parts, on each fide of BL, 
muſt alſo be equal, becauſe B is he to be quieſcent. 
203. Cor. 


RESOLUTION OF FORCES. 


203. Cor. 5. If the forces BM, BN, BC, which act upon a body 


without produeing motion, be reduced to any plane FH, by re- 
ſolving each into two, one perpendicular to it, and the other pa- 
rallel to the lines joining the points, where the perpendiculars 
meet it, the forces reſulting will produce no motion in that plane. 
For BP, being taken equal and oppoſite to BC, will be equivalent 
to BN and BM, and BC, BP will be projected into equal ſtraight 
lines bc, bp; but BN, MP, being equal and parallel, are project- 
ed into equal and parallel lines n, np, and the figure b mp, 


83 


FIG. 
XXXVI. 


is a parallelogram. And 6m, bn, being equivalent to bp, will be 


equivalent to its equal and oppoſite be. 


204. PROP. If body be atted upon by two ſimilar variable forces, 
in directions parallel to BP, BQ» making any angle, which act Wen the 


body * left the point B, it will CITY be a right line. 


DEM. Let the forces act by impulſes at the beginning of equal 
particles of time, and let BD, DE, EF, and BG, GH, HT be the 
relative magnitudes of correſponding impulſes. By the action of 
the two firſt impulſes BD, BG, the body will move in the direc- 
tion BK (185); by the two next DE, GH, it will deſcribe, in the 
ſame direction, K L, &c.; and, becauſe the forces are ſimilar, BD 

DE:: BG: GH, and componendo BD: BG:: BE: BH, mc con- 


fequently BRL. is a right line, QE. D. 


205. Cor. 1. Since this demonſtration does not depend upon 
hk magnitude of the particles of time, into which the whole time 
is ſuppoſed” to be divided, it will obtain Iden theſe particles are 


evaneſcent and the forces act inceſſantly. 04 3 UA. 


206. Cor. 2. If the forces be conſtant, the velocity in BM is uni- 
formly accelerated; for, in this ſuppoſition, BD, DE, &c. are equal, 
and BD: DE:: BK: KL; but BK, KL which are therefore equal, &c. 


meaſure the increments of velocity communicated at Band K(106). 
L2 207. Cor, 


F I.G. 
XXXVII. 


COMPOSITION and” 


20% Cor. 3. 4 Be det moving in a curve 1 1 0 muſt be acted 
"re rok at n two nn RO MN 


288. Cor. 4. The whole 90550 in the direction BP 1s the ſam 
of the impulſes BD, DE, EF, &c. and the force in the direction 
BM, is the ſum of the impulſes BK, KL, LM, &c. and theſe 
forces are fimilar; for BD, DE, &c. meaſure the intenſity of the 

force in the direction BP at the points B and D; and BK, KL, 
&c. meaſure the intenſity of the force in the direction BM, at B 
and &, and BD: DE:: BK: KL. 


FIG. 209. PROP. 86. If a body be urged at the ſame time by two conſtant, 
XXXVII. „y fmilar variable, forces x, y, whoſe magnitudes and directions are the 
two fides of a parallelogram BF, BI, it will move in the ſame manner 


as if it were urged by a conſtant or fimilar variable JT 2, repreſented 
by the diagonal. 


DEM. The impulſe BK is equivalent to BD and BG; K L to 
DE and GH; LM to EF and HI, &c. conſequently the ſum of 
theſe impulſes BM is equivalent to BF and BI. =. D. | 
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210. Cor. 1. A force repreſented by one ſide of a triangle BM, 
may be ſubſtituted for two ſimilar forces * by the re- 
ne ſides BF, FM. | 


— — — — = 


* 


211. Cor. 2. A force repreſented by BM may be reduced into 
any number of forces By RS, $M, ſimilar to it, and vice versa. 


212. Cor. 3. Three ſimilar variable forces, urging a body with- 
out producing motion, are to one another as the three ſides of a 
triangle, parallel or perpendicular to their directions; and they 
are to each other inverſely as the fines of the angles, which their 

directions 


RESOLUTION 08 FORCES. " 


directions make with the direction of the third (198); and any. 
number of ſimilar forces in the ſame or different planes, in equi- 
librio, may. be reduced to __ in the fame: plane, n and op- 


poſite. ä ' 7 : , / 


SCHOLIUM. 


213. Prop. (204) may be demonſtrated per ſaltum, though per- Gin. 

haps leſs intelligibly, by the following proceſs, Let a body B be 
urged, at the ſame time, by any forces x and y, in the directions 
BM, BN, which carry it reſpectively through B m, Bn and BM, 

BN, in equal times; and it is evident that, at the end of thoſe 
times, B will be in d and D. If x and y act only at the point B, 

or if BM: BM:: Bn: BN, the path of B is the diagonal; if they 
act at B, m; n; M, N, &c. and Bu be to BM as the times of de- 
ſcription, and Bu be to BN as the ſquares, cubes, &c. of thoſe 
times; BM: BV:: Bm: Ae N GY. and The path of 


Bis a parnbals, d c. wor oily rich; 


enn 
1 * 


2 14. PROP, 87. A hed B VEE by fawo e tendi ing 70 Two equi= FIG. 
diſtant points, QR, which at equal diſtances are equal, and at unequal XXXIX. 
diſtances are variable according to any law whatever, WI 4 deſcribe a 


TOE, Ine. n . 


Dau. Lee thats dares act by b imp alles at b eg of 
equal particles of time, and BE, BF being the magnitude of the 
two firſt, will make B deſcribe BD, which produced biſects the 
baſe AR; and DL, DM, the two next, will make it deſcribe DN, 
biſecting the baſe QR: therefore BN is a right line; and the de- 
monſiration obtains when the particles of time are evaneſcent, 
and the action of the forces inceffant. AE. D. | 


. 


21 x Cor. The AireAtion of 850 combined atttiiion of all the 
particles, compoſing a ſphere, paſſes through the center: for let it 
be divided into thin laminee ** and contiguous to each other, 
| and 


86 


— 


COMPOSITION FIELY 


| and let 2; R, be any corpuſcules in a lamina, equidiſtant from PB 


paſſing through the center; and what has been proved of theſe two 
may be proved of every two equidiſtant from P, which compoſe 
the whole lamina; and the ſame may be proved of every lamina, 
and conſequently of 1 whole ſphere. 


1 
14 
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216. Three forces, acting upon a body ich Prenbetng mo- 
tion, are to each other as the three ſides of a triangle parallel to 
their direction, which conſequently meet in the ſame point of the 
body, and are in the ſame plane (EU c. B. XI. P. II.). This may be 
evinced otherwiſe; for ſince a body, acted upon by any number of 
forces, cannot be at reſt, unleſs they oppoſe each other, and the 
oppoſite parts be equal, and in the ſame direction; it is clear that 
a plane AB may paſs through P, acted upon by x, y, > in different 
planes, ſo that they ſhall be on the ſame ſide of AB, and there- 
fore, as they partly conſpire, they muſt communicate motion to the 
point P, and to the whole body. And it any two of theſe forces, x, y, 
act againſt the ſame point p of the body AB, and x, acts againſt g; 
x and y will communicate motion top (187) and z:to 9, and AB 
cannot therefore be quieſcent. If the directions of x and y meet 
in a point ↄ without the body, and 2 act at the point g, AB can- 
not be at reſt; becauſe x and y have the ſame effect with, and are 
equivalent to, ſome force in an intermediate direction d, which 
1s not oppoſite to the direction of z, and cannot therefore deſtroy 
it. It is ſuppoſed, that the directions of theſe forces are inclined 


to each other; for, if they be . BA 10 5 be nne when 
they act mee diitent Rn [ | 


217. PrRoP. If a body. B be ated upon by. any. —_ of "fares; at 
the ſame time, whoſe magnitudes and directions are BC, BA, BF, BH, 
Sc. and from the bijeetton, m m, of the diagonal BD of a parallelogram, 
whoſe Ades are BC, BA, a rib, line be drawn to the extremity F, of BF. 
cutting the diagonal BE, of à parallelogram whoſe fides are BD, BF, 


inn; and: from n à rigbt line be aun to the extremity, H, of BH, 
2 


RESOLUTION or FORCES. 333 
cutting the diagonal BG a:parallelogram, 8 AY, are BE, B H, 
in p- B 5s 50 T5 OW number Us Forces. | 16 1101, 


T2425 #2; 


DRM. The 8925 1: Bpn and GpH, Bum and EF, are ſimi- 
lar, and conſequently By»: G:: BN: GH (BAM E):: BM: Bu 
EF (BBD or 3 Bu) therefore Bp: BG::Bn:4Bm::1: 4. 
The proceſs is ſimilar when there are more forces. Q. E. D. 


218. Cor. 1. It is evident, from the conſtruction of the figure, 
and img r that , 
m F: m:: 3: 1, 
(3TH H: 1p: 4: 1; and if the number of 
forces were equal to any number, m, n would be to np::m: 1. 


1 


219. Cor. 2. The force BG, reſulting from the action of any 
number of forces BC, BA, BF, BH, &c. either in the ſame, or a 
different, plane, is to their ſum as BG: BC + BA+ BFA BH, 
&c. and if the magnitudes and directions of theſe forces be given, 
the magnitude and direction of BG may be found; for CB, BA. 
and the CBA being given, BD, and the 4s CBD, DRA, are 
known; and DB, BF, and the & BBF (Which may be found) be- 
ing given, BE is alſo given, and in the ſame manner any other 
diagonals may be inveſtigated. 


= # 
3 r 
33 G SC 


220, Gas + 3. If a Toy 11 1. be ated 18 by. any r FIG. 
of forces BA, BC, BD, BE, BF, 115 the directions of the forces XLIV. 
reſulting from the action of two, three, four, &c. are found by 
PO AC, biſecting it in , and taking mD:mn::3:1, E: 
4:1, PF: pꝗα.: 5: I, qgGigr i041, and the duueckiens are Bm, 
ug Bp, B, Br. Their magnitudes are * 3B n, 45. n 
6B r, Ko. N CITI bud Sd 3676 38 4» 53530 Guy oh 
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AG | 221. Cor. 


89 
FIG. 
XLV. 


FIG. 
XLVI. 


fe 


FIG, 


COMPOSITION: AND 
221. Cor. 4. The ſame force BP may be generated by the ac⸗ 
tion of 1, 2, 3, &c. forces, either in the ſame, or different, planes, 
whoſe directions and quantities are variable in infinitum: for let 


it reſult from the combined action of four forces, and taking BP 
: Bqi:4:1, through ; draw any line whatever 94, and take 94: 


qP:: ::3 :1; through y draw any line þC, and let pC be to p:: 2 


: I; and through » draw any line D, and taking »E equal to it; 
the forces BA, BC, BD, BE, are equivalent to BP. The lines 
94, p C, n D, &c. may be drawn in any directions, in any different 
planes, and of any different lengths. 


222. PROP. The directions of three forces x, y. Z, acting upon a 
body B without producing motion, will meet in the center of gravity of 
d triangle, whoſe diſtances from the angular Points, are as the magni- 


tudes of the forces. 


DEM. Produce AB, and taking BE = AB =2, complete the 
parallelogram BD EC by drawing from E lines parallel to BC, 
BD; BE is equivalent to BC and BD, and equal to z, which is 


equivalent to x and y, which muſt therefore be equal to BC, and 


BD, reſpettively ; but BG = = £ and B 1s therefore the 


center of gravity of the triangle. QE.D. 
Otherwiſe: 


Let BA, BC, BD, be the magnitudes of 25 x, Ys reſpectively, and 
joining DC and . it in G, and joining GA, AB 236 


(217); et | 4 


223. „pn ob- * a lech B, be ated upon by four er in different 


XLVII. planes, x, y, 2, W, or BA BC, BE, BF, and remain at reſt, they are 


to each other as the three fides and diagonal of a ene, pa- 
rallel to their directions reſpectivelyp. 


DRI. 


RESOLUTION? FORCE Ss. 


Df. The forces BAH, BO are 


to BD. which muſt be equal and G to 0 or en N * 


is quĩeſcent. ö Dei bn & A . nin 
q 90014 BY rororrn!? Mite rior 

224. Cor. An infinite number of parallelopipeds may be de- 
ſcribed, whoſe: fides and diagonal ate the ſame: for let x, Y, z, w, 
be invariable, and taking BC, BA, equal reſpectively to y and x, 
making any angle whatever ABC, and BD, ID in a different plane, 
| reſpectively equal to w and ⁊, draw BE parallel to ID, and DE 
to BI. Biſect BI in E, and join EH, interſecting DB in G; and 
becauſe: the triangles B GH, EOD are ſimilar, EG: GH:: ED 
(2 BH): BH:: 2:1; therefore theſe two forces combined with 
B E produce a force paſſing through G (217); and becauſe DG: 
GB:: EG: GH:: 2: 1 and DB: GB:: 3: 1, the force w 1s equal 
to DB. But the angle CBA is infinitely variable, and BD, FD 


may be drawn in any planes whatever. 


225. PROP. Tf four forces, x, y, 2, w, which are as BA, BD, BE, 
BF reſpect vely, att in different planes, upon the body B without pro- 


ducing motion, B ts the center of gravis 'y of a triangular pyramid whoſe 
baſe is EAD and vertex F. 


DEM. Join AD, and biſect it in n, and, taking mn to nE :: I: 2, 
2 will be the center of gravity of the triangle EAD, and »B is 
the direction of the force reſulting from x, y, z combined, and 
its magnitude is equal to 3 x BN, which muſt be equal and oppo- 
ſite to w or BF, becauſe B is quieſcent: BF is therefore equal to 
3Bn, and B conſequently the center of gravity of a pyramid, 
whoſe baſe is EAD and vertex F. Q. E. D 


226. Cor. 1. It is evident that BF= 4B n, becauſe the force 
reſulting from x + y + is to thoſe forces as 3Bn: BA + BD 
+ BE(220) and w-: x +y +2; BF: BA + BD + BE (hypoth.) 
therefore w = BF = 3Bn. | 
M Cor. 


equivalent to BI; and BI BE 


FIG. 
XLVIII. 


= ag 
—— — — 


— — — — 
— EF" — 8 
SC —— > 
„ * = 


—— 


3 = 2 
—— — 


= 


— 


— — 


—— ——ů—̃ v— 


C OMPOSHT ION. 


227. Cor, 2. The force reſulting from the eombineiſd action of 
BA, BD, BE paſſes through, the Ns af gravity of a triangle, 


which is formed by joining A, E, D; and the direction of a' force, 


equivalent to them, paſſes through the ſame point. 


. * 2 * — 
- a ; 8 — 


1. 
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228. Chr: 3. a indefinite Guitar * pyramids N be deſetib- 
ed, having the diſtance of their angular points from the center of 
gravity always the ſame ; for let BA, BD, BE, BF, be invariable, 
and making the angle ABD of any magnitude whatever, draw 
CD, BD, in any plane whatever, equal reſpectively to BE, BF, 


and complete the Lo gs OP) and the" er is r ; 


fame as that in (224). C 91903 - if 2 Bas) 
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2 29. ut : b. 1 AT Mg or principle in IN by whoſe influence 
Bodies, or the conſtituent parts of Bodies, accede, or have 
4 ein 70 .accede, to each As. without any all ible materi 4¹ i imp 2 
7s called attraction. 
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230. DBR F. That natural power, by whoſe influence different bodies, 
or different parts of the ſame body, recede, or have a tendency to recede, 
fron each other, without any fe 5 al TP is repulſion. 


17 9 | i. 5118 1 4 1417 7 


Wen Py elatite bK motion in the body A: are Ante mY 
Noel to depend upon the ſituation and diſtance of another body 
B, a connexion is underſtood to obtain between them, expreſſing 
ſome quality or mechanical affection of matter, fuch as gravity, 
coheſion, elaſticity, magnetifm, electricity, which appears to reſide 
in matter, and by whoſe agency this change of motion is conceived 
to be produced. If the direction of 4's motion, or tendency to 
motion, be towards B, it is ſaid to be attracted by B; and if it 8e 
from B, it is ſaid to be C. by B. 54 


231. That there are 10 nature tibi and tendencies to motion, 
conatus accedendi & recedendi, both in aggregate bodies, and in 
their minute conſtituent particles, without any ſenſible cauſe, and 
indeed inexplicable by any known properties of matter, is un- 
queſtionably certain. Theſe demonſtrate a ſource of motion di- 


Ade from, and repugnant to, any material impulſe with which 
M 2 we 
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ATTRACTIEON/of GRAVITY. 


we are acquainted, which is denominated attraction, a term in- 
differently applied to, the mechanical affection and its effects, as 
all inexplicable powers are only meaſurable by their effects. Theſe 
effects being found by'gbſervation to bę different at different di- 
ſtances, the intenſity of the power producing them is inferred to 
be variable, and the law, of variation is, diſcovered by an actual 
menſuration of theſe effects at different known diſtances. By this 
proceſs, theſe material affections, though intelligible only in their 
effects, are conſidered as quantities capable of mathematical com- 
pariſon, and their ratios are compared with thoſe of lines and 
numbers. Attraction is uſually. divided into two kinds: A, that 
which operates at ſenſi ble diſtances, , as gravity, electricity, mag 
netiſm; and ſecondiy, that, whoſe effects are limited to almoſt in- 
ſenſible diſtances, which is called the attraction of coheſion. © 
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232, The exiſtence'of this ſpecies of attraction is evidenced by 
uniform experience. Matter when ſupported is heavy, and, the 
ſapport being removed, accedes, towards the earth; when projected 
obliquely, it deviates from the line of projection, and. vibrates 
when ſuſpended by a ſtring inclined to the earth's ſurface. And 
the direction of this motion of matter, and tendency to motion, 
is invariably the ſame, towards the center of the earth nearly. A 
mechanical affection is juſtly, inferred from theſe phenomena 
(230), which is conceived to produce this motion and tendency 
to motion, and is promiſcuoully called gravity, gravitation, or the 
attraction of gravity. But more correctly the tendency of a body 
towards the earth, which is meaſured by the velocity acquired in 
a given time, is called the accelerating force of gravity; the weight 
or moment of a body, which is meaſured by the product of the 
quantity of matter and the accelerating force, is called its vis mo- 
trix; and the power conceived to be in the earth, which produces 
this weight and tendency towards it, is called the abſolute force 
or attraction of gravity; and a body influenced by it, is ſaid to be 
attracted by, or Sravitate tom ande. the earth. All. hard and ſoft 

bodies 
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ATTRACTION of GRAVITY. 


bodies are! ſubject to tlũs attractive power, and have weight; air, 


water, and other fluids, and the vapours ariſing from them, and 
all odorous ſubſtances, and exhalations from all terreſtrial hodies, 
gravitate towards the earth, as they may be collected in a balance 
and actually weighed; and the weight of theſe laſt ſubſtances is 
alſo rightly inferred from the decrement of weight ſuſtained by 


the evaporable matter. Even fire and light, and the moſt vola- 


tile vapours, ſeem to be under the controul of this univerſal prin- 
ciple, and no matter in the vicinity of the earth, acceſſible to ex- 
periments, hath yet been diſcovered to be uninfluenced by it, and 
conſequently all matter may be conſidered as gravitating towards 
the earth, till future ſatisfactory experiments induce a different 
opinion. This attractive power is not confined to bodies in the 
vicinity of the earth, but extends alſo to the moon; for the moon 
deſcribes equal areas in equal times about the earth's center, and 
is therefore urged by a force directed to that center (NE Wr. Sect. 


II. P. II.) and coincident in direction with gravity: and it appears, 


from aſtronomical obſervations, that it is equal in quantity to the 
force of gravity at that diſtance, and they are conſequently the 
ſame power. And becauſe the revolutions of their ſatellites round 


jupiter and ſaturn, and of the primary planets round the ſun, are 


phenomena ſimilar to that of the moon round the earth, both be- 
ing acted upon by forces directed to their reſpective centers, which 
vary according to the ſame law; the ſatellites therefore gravitate 
towards their primaries, and theſe towards the ſun. (7). The 
primary planets gravitate towards each other; for jupiter and ſa- 
turn, in conjunction or at their leaſt diſtance, are diſcovered to 
produce very ſenſible irregularities in each other's motions; and 


the motions of their ſatellites are ſaid alſo to be ſubject to Irregu- | 
larities, which are ſenſible at their. leaſt diſtance where their ac- 


tion is greateſt. All the great bodies, compoſing the ſolar ſyſtem, 
are therefore impreſſed with this principle of attraction; which, 
being attached to the whole of any body, muſt pervade every con- 
ſtituent portion; and the minuteſt particles of matter gravitate, 
though perhaps inſenſibly, towards each other. The operation of 
this principle between two ſmall bodies, at the ſurface of the earth, 
18 only rendered inſenſible from the predominant influence of the 
| Ak earth; 
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ATTRACTION! of GRAVITY, 

earth; for a pendulous body wasſobſerved to be conſiderably de 
flected from its vertical ſituation by the attraction of the mountain 
Chimborazo in Peru; and, by ſome! ingenious experiments made 
with great preciſion; Dr. Maſkelyne aſcertained the quantity of at- 
traction of the mountain Schehallien in Scotland. Every moun· 
tain therefore, and every leſs portion of the earth, poſſeſſes this 
quality; which might have been inferred from (2 15). For if a 
particle of matter be attracted by every part of a ſphere of matter, 
equally at equal diſtances, the direction of the combined attrac- 
tion will paſs through its center and b. v; but it appears, from 
experience, that all bodies deſcend in directions perpendicular to 
the earth's ſurface, and, becauſe the earth is nearly ſpherical, the 

whole force, producing this deſcent, is directed nearly! to the cen- 
ter, and is confequently combined of the force of every particle. 


233. PROP. The accelerating force of. gravity at equal diſtanc 
from the earth's center, is the ſame in all bodies, whether; quieſcent or 


moving, and whatever be their magnitude, figure, denfity.. - 


DEM. This propoſition is only demonſtrable from experiments. 
Two equal wooden boxes, ſuſpended by threads of eleyen feet in 
length, one of which was filled with wood, and an equal weight 
of gold fixed in the center of oſcillation of the other, were diſco- 
vered by Sir I. Newton, to perform all equal vibrations in the 
ſame time; and numberleſs experiments demonſtrate, that all bo- 

| | dies, 


If a mountain do poſſeſs an attractive power, a body ſuſpended near it will be deflected 
from its vertical poſition, and point to a falſe zenith, and the arc, meaſuring the diſtance of this 
from the true, is the meaſure of the mountain's attraction. In an obſervation on the north ſide 
of Schehallien, the plumb line, being deflected towards the mountain, pointed too much to the 
ſouth, and gave the diſtance of a ſtar from the zenith too much to the north; and from an 
obſervation made on the north fide, the diftance was too much to the ſouth. The difference 
of the latitude of the two tations, collected by theſe obſervations, muſt be greater than it 
really is, by the ſam of the arcs meaſuring the deflections from the two zeniths. From ob- 
ſervations of ten ſtars near the zenith, Dr. Maſkelyne found the difference of the latitude of 
the two ſtations to be 5476; and, from a menſuration of their diftance, it was only 43”: 
the difference of theſe is 1106, and the half of it 5 8, meaſures the attraction of the moun- 
tain. This experiment is moſt convincing, and deciſive in ſupport of the univerſality of gra- 


vitation. 


ATTRACTION/07 GRAVITY. 


dies, however different their magnitude, figure, and denſity, de- 
ſcend in an exhauſted receiver, whatever be, its height, exactly in 

the ſame time; and conſequently the teridency of bodies towards 
the earth, or their N e the ſame nie quick 
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Dx. The Want of a body is aint as the abel of 
J 909 particles or quantity of matter contained in it, multiplied 
into the tendency towards the earth, or accelerating force of each, 
and this being given (233) varies as hw quantity of matter. 
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The ak of any two bodies A 1 B. or 1 beter edi: 
cing them, are clearly proportional to their vis inertie ; for if the 
vis inertiæ of A were to that of B, as 1, 2, 3, &c. : 1, it is evident 
that the weights or forces, producing the ſame velocities in A and 
B in the ſame time, will be as I, 2, c,: 13 and conſequently 
the weight, being as the vis ash will be as TAG quantity of mat- | 
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235. O. Kade A force of gravity were enereaſed in 
any ratio, the weight of a given body would be encreaſed in the 
ſame ratio. Subſtituting therefore V, Q F, for the weight, quan- 


tity of matter, and force of gravity, reſpeively, : and ſuppoſing 
1 * 977 N 


them to be variable; w will be as 2 x F; F as * Les F and. e 


if W be given, F and Q are Wu as each other. e, 
5 | 4 107 157 : IS 2 1 F323 IF} 3 > g 8H 


. All da N ab or dal, denſe or rare, acquire a a, velocity i in falting i 1 
which would carry them uniformly through 32.2 feet in 1“, aud an encreaſe of velocity, 
3 to this, is found to be added in every ſucceeding ſecond of time. 6 
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236. In the ſame place, and at the Ame diſtance from the qua- 


tor, bodies are found to deſcend- through the ſame ſpace in the 
ſame. time always; but, the force of gravity being diminiſhed un- 
equally by the, diurnal rotation of .the. carth, they do not, and 


brations, in the ſame time, at different diſtances from the K quator. 
However, this unequal diminution of gravity, ariſing from the dif- 
ferent centrifugal forces, does not afford a ſolution for the dif- 
ferent ſpaces fallen through; and: there muſt be ſome other 
cauſes of inequality, which are probably the difference of diſtance 
from the center, and different p pecies of matter:mear the places of 


237. Prop. The force of gravity varies as the fquare hin the # 2 
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PLATE DEM. Gravity acts i in right lines, and, whatever be the cauſe, 
FIG. is equally diffuſed over every point of the ſurface AB DC, equi- 
LI. diſtant from the center of the earth &; and that ſame influence is 
alſo equally diffuſed over the ſurface a 34 c, ſimilar to the former 

and ſimilarly fituated. Taking a/mn equal and ſimilar to ABDC, 

the influence of gravity upon @/mn: influence 1 1 1 a FA c or 
ABDC:.almn(ABDC):; ade: As: . 847. A 
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PL AF E * ' PROP. Suppoſing 1 be REY to be Abril, 4 e of un, eller from the contri- 
fugal force, a varies as the ſquare of the coſine of latitude. © © 191 Age | 

FI I 6. 
L. "DEM. Let Pp be the earth's axis, and Z2 its æquator, and the centrifugal foree at 2: 


centrifugal force at A:: : AD; the centrifugal force at 4: that part oppoſite to gravity :3 
AN: AL (ſuppoſing NL to be perpendicular to 4C):: AC: AD; and conſequently the 
centrifugal force, or diminu;ion of gravity at 2 : the diminution of gravity at 4:: 2 C* 


of the place's diftagce from 2 * D. 
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ought not to, deſcend through equal ſpaces, or perform equal vi- 


obſervation. . 


: 4D*. This diminution of gravity varies therefore as 4 Df . as the Tquane'of the ne | 
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ATTRACTION: 08 GRAVITY. 
Another demonſtration : n 


The magnitude of the b attractive force, at different di- 
ſtances, varies as the ſpace through which it impels a body in | 
equal times: but a body at the earth ſarface falls through 16 1 
feet in 10, and the moon, at her mean diſtance, nearly 60 ſemidia- 
meters of the earth, falls through 65 5 65 601 feet i in 1 (from obſerva« 
tion): preſuming therefore that the moon is retained in her ct 
by the earth's attractive pow the —_y of gravity at the « earth's 8 
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furface, is to the force at the moon, as 16, 18 ts bo x 60 1. 


r 


3 5 bs” = - 
op 5 * 
7 $ # % * « 7 8 4 0 on ** 5 - #4 
2 ieee 131 | +18 ; | 135 
| 1 : —” I. * N 1 =» * # 2% C = * * 4 - S : . 4 „ & . = - nd 1 + 
k L ' L F 
| R b 
. — - * +& 
© %® I  & 2 * * 
* - = 3 a * 


1 o " * * 
0 . 
n 3 . . : . if — " : 4 s 
' I 5 . B P ſ F - : > 1 a £ Y „ 7 7 Y * * + 2 
a * o * F l 
d « + " - * — * 0 —— ” g A 


ad 


23 38. F I. The firſt of theſe 83 is en 4 
all e diffuſed by 1 rectilineal effluvia of matter from a Oe, en 
hawk ſmells, 5 IP 


* 3 2 * 4 » "i . 
= aw 4 * * F # & > : T X 
4 


7 4 4 I - , 
4 1 1 7 7 1 © . . 9 4 - 9 
1 SS + ; TY 7 . 0 X . | IS | SET 
\ ! a Xs * Y : 14 . * ** . 4. d ; d : a 1 8 1 


9 14, | 
: 


239. Cor. a. Putting d for the ſemidiameter of the earch and r or 
the ie weight of a body at the earth's ſurface, i its weight at any other 


diſtance ud 6 being a number) will be equal to 55 = A A weight; of 


Fi 3 


3600 Ib. at the earth's ſarface, i is | bqual to 5 EO Or 1 w. at the 


diſtance of the moon 
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240. Cor. 3. If 80 40 bi be 3 ah Grnilar; + their 

"— at unequal wp b are Equal; for they are to each other 
T * e, 631 of 44 ar ne 

as TD =: 75 (237) as I by "py If they be not homogenequs, theis 

weights will be as their quantities of matter, that is, as their 

weights at equal Ness 1g divided we the "ney of then we 
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AK. The lation of the force of pravity tras collected from 
-bfivedtion in Peru by Meſſ. Condamine and Bouguer. — 
mine found that the ſume pendulum upon mount Pichinca, at 
Quito, and 97 n the hanks of the river of the Amazons, perform- 
ed re ſpective y 97205 987 and 98778 vibrations, in twenty 
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a} upon the Ka- more, being tp part ne nearer to the center 


of the and, that the lengths df ifocronous 7 pendchtums Were to 
each other as 438.71 to 439.7. Theſe tions demotiftrate) 


a diminution of the force of gravity in receding from the earth's 
ſurface ; but the law of variation cannot be collected from them, 


or ally. Salter amikar erpckients. Wich preeifon; becaufe tlie fi 


ferent Mates öf the atmofpllere, of of heat and cold, And diff 
denſities of the earth contiguous to the different places of pier. 
vs. would ae wich due affect the W. IG and theſe 
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242. An inveſtigation of the cauſe of attractions and their mode 
of operation, and particularly of this mechanical affection of mat- 
ter, its gravity, ſo univerſally prevalent, hath long been the object 
of the philoſopher” s reſearches, but without effect; the ſubject is 
ſtill involved in impenetrable darkneſs, and his wiſhes are unſatisfied: 
Dr. Halley. refers it to the immediate 
Cotes deems it eſſential to matter, like extenſion and mobility, cc. 
and Sir I. Newton ſeems to entertain a different opinion, and at- 
tributes it to ſome undiſcovered and inviſible mechanical affection 


of matter. Electrical and magnetic experiments prove the exiſt- | 
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ASTIESSSET INN I ESONSTE  - 
ence of a ſubtle uid pervading the pores of the denſeſt bodies, 
and the gravity of bodies may ariſe from the action of a fluid, 
whoſe particles are i to maſs;through all bodies, and 
does not therefore reſiſt their PRA. and, if endued with a 
ſtrong repulſive power, it will by . 1 preſs upon groſs 
bodies. This ther, Newton ſu Tem g repulſive force, 
much rarer within the denſe bodies 1 ny ſun and planets, than 
in empty ſpace, and in-receding from them becomes -perpetually 


10 and more ęlaſtic, and therefaxe occaſions their grayity, every 
body bring impelled from the denſer, towards the rarer parts of the 
| This however is e. and its truth or falſchood 
can only, he.sſtabliſhed. by Future experiments. | All that is cer- 
tainly known, about this Myſteriqus cauſe, is, tligt it gannpt axiſe 
from the preſſure: of à fluid ſimilar to thoſe with which we are 
acquainted, whether ſoft or elaſtic, quiet or agitated, for the fol- 
lowing reaſons.  Fix/, Becauſe, a fluid, ſubtle enough to penetrate 
the inmoſt receſſes of the denſeſt bodies, and Jo ras. 45 nt to im- 
ed. capable of communicating 
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8 K con D gerte or attraction, Aittingulhel f. from that 
of gravity by the intenſity of its action, and the ſmall di- 
ſtances to which its ifluence extends; is that obſervable between 
the minute particles of bodies, whether hard, ſoft, or fluid. Hard 
and ſoft bodies have an appearance of endleſs compoſition ; but 
they are compoſed of inſenſibly minute particles which cohere to- 
gether and form greater, and theſe, being ſucceſſively com pounded 
by the influence of the ſame principle, form ſaceeſſively g. greater, 
till, by repeated coalitions, they become objects of ſenſe; and it 
appears, from many phenomena, that the particles of all known 
fluids have alſo a tendency to cohere with others. This mutual 
tendency to accede to each other, of the component parts of hard, 
ſoft, and fluid bodies, not ariſing from any ſenſible material im- 
pulſe, indicates that philoſophical relation denominated attraction 
(2 30); which, being great at the point of contact, and evaneſcent 
at the leaſt ſenfible diſtance, coincides, in theſe marks of ſimili- 
' tude, with innumerable phenomena, and the material power, from 
whoſe agency they are conceived to reſult, is called by the ſame 
name, the attraction of coheſion, becauſe they are all effected by the 
mutual action of particles, whoſe force is great when contiguous, 
and, when removed to any ſenſible diſtance, evaneſcent. But whe- 
ther the phenomena, which have theſe marks of coincidence and 
 fimilitude, reſult from a common cauſe, varying at different di- 
ſtances, like the attraction of gravity, according to the ſame law 
af the diſtance, can only be aſcertained by experiments, which are 
yet too undeciſive to allow of accurate diſcrimination. The laws 


and limits of the action of theſe minute Particle are ſtill un- 
N 2 N known, 
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e Hetham, Left. I, H. Muſchenbrock, Ch. XVIII. Newt. Opt. P. 380. Hamilton's 
Tuch, Lect. II. 


ATTRACTION or COHESION. . 


known, and, from their almoſt inſenſibly minute ſphere of action, 
perhaps undiſcoverable; but its ' intenſity ſeems to vary according 
to ſome higher inverſe law of the diſtance than the duplicate, and 


therefore ſoon evaneſcent, that it _ not interfere nn the at- 
traction of gravity. | 1079 30 
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243. PROP." If the particles compoſing two ſpherical furfacet AFC, 16. 


BDE, attract with forces, equal at equal diftances,' and at unequal di- 
flances, varying as the n power of the diflance inverſely, a particle P 
vill be attracted by them with a force varyi "g reh as _ io 


. of the T_T whoſe exponent 16 n - 2. Leh, 
* Dx. The attraction of P towards theſe ſurfaces, is as the 
number of particles and power of each, or as 9 eI | PN 8 or PR. 
1 PB* 
FA. * or a H= FA. PR. n 0 
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| 244 Cor. 1. 1 n 2, the ieee r theſs liier wow 
1: 1, or equal to each other; and the attraction of the” ſolid 
BEA is equal to that of one lamina multiplied into their number. 
The attraction therefore of this ſolid is to that of PAC :: BA: 
PA; and conſequently the attraction of a portion of matter, 
in contact with P, is not much greater than when removed to a 


ſmall diſtance. AF Ws 2 8 
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245. Cor. 2. i n=, the aac pet powers: 06 any-lamine FIG. 


4 os 
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BDE, AFC; — to each othes. * = 5 8 or. as. ie. .ordir inates 


BI to AL of an equilateral hyperbola; and the whe attractive 
power of the body BECA is to that of PA:; area BL: area AR. 
: a finite quantity: a quantity infinitely greater. According 4 
this ſuppoſition, the attraction of P is not much affected by the 


addition, or deduction, of new matter at a ſmall diſtance; fy the 
encreaſe, 
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102 2 ATTRACTION r COHESION. 
ent fang, or tlecreale;,;of force reſulting from it would be finite, 
aud conſequently-infititely, leis than that rel! ing from contact. 

But if the ſurface of P: were enlarged, and in Ag with. new 


matters ateraRting ateording to chis law, it's ae four e 
be proportionably encreaſed. 


211 4M 46: Cor, No nf this attraction, at a 408 diſtance, had a finite 
Auatio to that af gravity," at the point of contact it would be infi- 
nitely ſuperior to that of gravity; and, if at the point of contact, 
the ratio between this attraction and gravity were finite, at any 
aſſignable diſtance it would be evaneſcent. 
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24%. Cor. 3. The attraction of coheſion, W great in ęon- 
tac and inſenſible at a ſmall diſtance, varies in a x TONE _ a 
Inverſe dupkss ratio of the 9 n tt 
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FIG, 248. Cor. 5. Since he | cohelive ſor of any particle P, in con- 
I tact with the body PAC, varies as the quantity of ſurface, it will 
be greateſt when the ſurfaces of contact are plane. Two, ſpecies 
of matter conſtructed of diſſimilar particles, a, & c, 4, e . &c. 

I n, u, o, ps 9, &c. have different degrees of hardneſs ; for the ſur- 
faces of contact, and e en of abi . * are greater 
erm e tr. e ine oft non c ng 5 
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249. Cor. 6. Of 1 imilar particles, the ſmalleſt are ca- 
pable of the firmeſt coheſion, becauſe they have the greateſt ſur- 
faces of contact compared with their magnitudes, the ſurfaces 
being diminiſhed only as the ſquares, and the magnitudes” as the 
cubes, of any * men on when Lb, Ag 
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250. ou. 7. trad , 83. there may be conceived to be 
conſtructed of very ſmall particles, or ſuch as are terminate by 
rah ſurfaces; f for collections of theſe. Particles cemented by this 5 
"new 
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ATTRACTION or COHESTON: 


would conſlitute hard bodies. And loft bodies may be conceiveu 
to be combined From large ſpherical particles, or ſuch as have 
many angular points, and do not allow of great ſurfaces of con- 
tact, SUED TY HOUI "4 | 2 . | 
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251. The exiſtenoe of this natural power is collected, and a 
general idea of it formed, from the following familiar obſervations 
and experiments. Finſt, An attracion ſubſiſti beinveen the component 
farts of bard and ſoſt bodies. The force xequired: to ſeparate;the 
contiguons parts of hard bodies, which is, equal to the force of 
coheſion, is much ſuperior to their gravity, though they be full of 


pores and conſiſt of portions collected into one maſs, and touch- 
ing only a few points; and jit muſt be much greatef between the 
ſmalleſt particles, whoſe ſurfaces are in contact, without any great 


intermediate vacuities. This attraction is very ſtrong in all tena- 
cious and viſcid bodies, as pitch, roſin, &c, which adhere to every 
thing in contact with them; and if a body very ſoft. and viſcid be 


extended, it will again contract its dimenſions by the tendency of 


the parts to each other. Large ſhips, floating near each other 


in a calm ſea, have a great tendeney to each other, and are with 


difficulty kept from coming together. If the ſurfaces of the ſeg- 


ments of two leaden bullets, whoſe diameters are not greater than 
ith of an ieh, be poliſhed, and compreſſed together by a gentle 
twilt, it is ald that a weight of 700 lb. is iftequently required to 


ſep arate *thew. And if toro poliſhed plates of glaſs, marble, braſs, 


8 any metalline ſubſtances, he compreſſed together and. ſuſpend - 
ed in an exhauſted receiver, the weight of the lower plate will not 
diſſolye their cohefjon; and if any fine thread be wrapped round 
one of them ſcheral times, at conſiderable intervals, after com- 
they be re moved 
from actual contact by the thickneſs of the'thread. The. coheſive. 
forces of . N e "Oo N 


rreffioh, their coheflon is Hill fenfible, „ theugh 


faces wy water, 


„ 


of echeſion, with which they are proved to be impreſſed, 


action of its repulſive 
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ATTRACTION oF:COHESION. 
| e power. The coheſive force of two poliſhed. 
plane ſurfaces of metal, whoſe diameters were two inches, heated 


: 
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| fs Cold greaſe. Hot greaſe. 
Planes of glaſs by 130 lb. by 3oolb. 
Us es... 100. 800 
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When theſe ſurfaces were moiſtened with water, oil, &c. and 
compreſſed together, their coheſion was overcome by the weights 


in the following table: 


, | J . 5 id . # | 1 
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Secondly, An attraction ſubſiſts between the partic 
of water, oil, mercury, and all other fluids, except air, fire, and light. 
Small portions of theſe fluids form themſelves into globular drops 
both in the open air and in vacuo; and if a drop of mercury be 
poured upon clean paper, or a drop of water upon the leaf of a 
plant, their ſpherical figure is not changed, the gravity of their 


parts being unable to diſſolve their coheſion; and two drops of 


any fluid, not much attracted. by the ſurface, on which they are 


placed, will coaleſce into one when in contact, as is often obſery- 


able in drops of water lodged upon the leaves of plants, If mer- 


cury, well purged of air, be poured into a clean glaſs, tube 70 
inches long, ſo that its parts be contiguous to each other and to 


the glaſs, after inverſion the whole column will remain ſuſpended; 


but the preſſure of the atmoſphere ſuſtains only 29 or 30 inches, 


and the remainder muſt be ſupported by ſome other agent, which 


is chiefly the mutual adheſion of the parts; for if they be diſcon- 


tinued 


in boiling water, and beſmeared with greaſe, oil, &c. was overcome 
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ATTRACTION 62 COHESION. 
tinued by a bubble of air bang or by ſhaking the glaſs the 
| 2 rer to 0K pre or l 3⁰ nj e n 
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Azferent 2 ds, and between them and other ſubflances. If a piece of 


fir wood, whoſe ſurface is one ſquare inch; be ſoaked in water 
and float upon its ſurface,” a weight of '50- grains, beſides an 


equivalent to its own weight, is required to detach it from the 
fluid; and when its ſurface is enlarged, a proportionably greater 
weight i is required. Water riſes near the ſides of the veſſel con- 


taining it, round a glaſs bubble floating upon its ſurface, up capil- 
lary tubes of glaſs, plants, &c. A remarkable inſtance of this at- 


traction occurs in the new invented water-pump. If two wheels, or 
pullies, B and D in the ſame plane, be made to revolve with great 
velocity, and D be immerſed in water, a column of water will aſcend 


with the rope; and, if there be two or more grooves in B and D, 


and as many ropes paſs over them, at the diſtance of about an 
inch, the columns raiſed by each rope will cohere, and the quan- 
tity of water be much augmented.“ Air is incorporated with moſt 
hard bodies, poſſeſſes their interſtices, and probably ſerves as a bond 
of union to their conſtituent parts. It appears from many experi- 
ments, that the quantity of air, detached from ſome hard bodies in 
which it was conſolidated, by the action of fire, or ſome particular 
fermentation, is very conſiderable; and Dr. Hale diſcovered that 


FIG. 
LV. 


2 of a calculus humanus were air. It is attracted by water, and 


perhaps all YOGI; into whoſe Pores it inſinuates Rt, 1 18 intimately 
8 | mixed 


1 There are two 1 theſe machines, at WindGr, of different dimenſions. The depth 
of the well at the roand tower is 178 feet: D is the wheel in the water, its diameter = 12 
inches, the thickneſs of the rope DB = + inch nearly; diameter of the upper wheel B 2 1 3 
inches; diameter of C = I inches; diameter of E = 4 feet 6 inches; a power, applied at 


F turns the wheel E round, and that, by means of the firing E wk communicates motion to 6. 


which has the ſame axis with B. WY 3. 3 44) 

In the other machine the depth. of the well; is 96 bee and, in this, the quantity of water 
raiſed by the utmoſt efforts of a man, was at the rate of nine gallons in a minute. At Paris 
500 pounds of water were elevated through an altitude equal to 240 feet, in ten minutes, 


when the diameter of the rope, ſurrounding the pullies, did not exceed ſix French lines, In 


the beginning of the motion, the column, adhering to the rope, is always leſs than when i it 
has been worked for ſome time, and continues to encreaſe, will the nnn, Air partake 


of its motion. OE TIS FERC 
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ATTRACTION OY COHESION, 
mixed with them, and coheres too ſtrongiy to be ſeparated: with- - 
out the agency of fire, or ſome more attractive ſubſtance. If ſal 
ammoniac, or corroſive” mercury ſublimate, be diſſolved in water, 
bubbles of air will diſengage: themſelves from the water, and ad- 
hering very tenaciouſly to the thin particles of the ſalt, aſcend with 
them, and burſt upon the ſurface. When water, beer, &c. are 
poured into a glaſs, or other veſſel, many bubbles of aix are de- 

tached from the fluid by the ſtronger attraction of the veſſel, and 
adhere to its ſitles and bottom; and, if theſe be rough, or have 

more points of contact, the number of bubbles will be encreaſed. 
Light is attracted by glaſs, water, and all tranſparent mediums, as 
appears by its refraction and reflection; and alſo by all other ſub- 

ſtances, as is obſervable in an experiment of Sir I. Newton.“ A 
beam of light admitted through an aperture into a dark chamber, 
and paſſing by the edge of any ſubſtance, will be deflected from a 
reftilineal courſe, and by repeated attractions and repulſions de- 


—_—_ . ſcribe an 8 line in its paſſage. 
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Or HARDNESS, SOFTNESS, AND ELASTICITY. 


252. DuF. A hard body is that whoſe parts are not eaſily moved 
Jrom their places; as wood, metal, at Fe. 


Bodies conſtituted in ſuch a manner that their component parts 
do not give way to compreſſion, and whoſe coheſive force 1s inſu- 
perable, may be called perfectly hard. The hardeſt bodies with 
which we are acquainted, as adamant, flint, gems, tempered ſteel, 
&c. are full of vacuities, and contiguous portions of them, not 

being in contact all round, are penetrable, and ſeparable by the 

action of a ſufficient force. Fire inſinuates jitſelf amongſt the 
vacuities of the denſeſt and hardeſt. bodies, and produces fuſion 
or expanſion, which cannot be effected without an intire ſepara- 
tion, and change of place, of their component parts. Perfect 
hardneſs therefore ſeems to be canfined to the elementary particles, 
or leaſt parts into which bodies can be divided, whoſe figure and 
dimenſions cannot be © Rparaed by any on power, and are im- 


penetrable. 
2 5 3, Ds F. 


Newton's Optics, p. 317. 


HARDNESS AnDSOFTNESS. | 
253. Dey. A foft body is that whoſe parts change their poſition by 
the action of a ſmall farce, and retain it when the force is removed; as 
butter, . wax, Sc. 


Bodies conſtrued in ſuch a manner that their vacuities ado not 
replete with any fluid, and whoſe parts do not repel each other, 
and are only ee in their places by their inertia, may be 
called perfectly ſoft; but no ſpecies of matter is perfectly ſoft, for 
the particles of all bodies, not poſſeſſed of a repelling power, re- 
quire a much greater force to ſeparate them, than what is equiva- 
lent to their inertia, The degrees of hardneſs and ſoftneſs are 
infinitely variable, and the limit where hardneſs ends, and ſoftneſs 
begins, cannot be defined. In the congreſs of hard and ſoft bo- 
dies, there is no cauſe of ſeparation after they come into contact, 
and they will therefore either move on together, or be quieſcent, 
after impact; and, the effects of collifion being aſcertamed when 
there is no repulſive power, allowance muſt afterwards de n. 
for their different degrees of — | 


264. Dze. An chai? body is his which changes its 1 Model or the 
poſotion of its parts, by the action 11 a 9 0 ogy Pecovers, of has'a ten- 
dency fo recover, its Hure. yo : 


Elaſticity is faid to be perfect, eh che NE os the body re- 
turn to their firſt fituation with a force equal to the fares: 271 
* them, and imperfect, when they do not. 


258. PROP. If a porfettly (bard body A impinge upon a perfectly 
elaſtic immoveable body B, it will be refleted 07 ch a Rey equal * 
that 72 * impact. 


Dx u. The Slates; compoſing the fartace of B, are conti- 
nually remoyed from their places by the compreſſion of A, till it 
and their reſiſtance become equal; and then, returning to their 

firſt fituation | with a force equal to that of compreſlion, and 


O2 an 


n 


"ELASTIOLTY. 


in a Grection a to 4's motion, & muſt i be eee 


with a velocity * to that of wn: cl * D. 8 


2; 6. Cor. 1. If A and B be both perfectly elaſtic, the particles, 


compoling their ſurfaces, recede equally, though the receſs is leſs 
than when A was perfectly hard; but the effect is the ſame, the 
whole force of reſtitution being * to that of compreſſion, and 
conſpiring to. pe A, 


oY + 


| 257: Cor. 2. If B be moveable, the velocity loſt by & is double 
of that loſt by impact only; for the parts of B's ſurface, conti- 


guous to the point : of impact, reſtoring themſelves with a force 
equal to that which diſplaced them and acting againſt 4, it will be 
equally retarded by the forces of impact and reſtitution ; and, for 


the ſame reaſon, the velocity communicated to B is double of what 


it would be, were both bodies perfectly hard, 


* 58. Cor. 3. The relative velocity of A and B is the ſame be- 
fad and after impact, or the velocity with which they accede to 
each other before impact, is equal to the velocity with which they 
recede from each other after impact; for the forces of impact and 
reſtitution; being equal and oppoſite, produce the ſame effects in 
oppoſite directions, and the relative velocity, which is deſtroyed 


by UP; muſt be reſtored. by the force of Ny 


S$SCHOLIUM. 


259. The whole time of contact of 4 FRY B, may be divided ; 
into two equal periods, the former between their firſt contact and 


the ceſſation of A's compreſſion, and the latter between this 
point and their laſt contact, when they are ſeparated by the reſto- 


ration of their relative velocity. And, if the time of 4's.com- 


preſſion be divided into very ſmall equal parts, 4's decrements of 


= 1 produced in them will erge- encreaſe, from the firſt 
contact 
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compreſſing them, and diſcover a tendency. to return to their natu+ 


impreſſed, but moſt perfect in glaſs, i ivory, hardened ſteel and carti- 


2 148 T 10 1 v. 5 ©... op 


contact to the end of compreſſion, where its force of protruſion 
vaniſhes, and it is ſtationary. for a moment, if B be fixed, or, if 
B be moveable, its velocity is equal, for a moment, to that of B. 
The particles then returning, by their elaſticity, to their firſt ſitu 
tion, will communicate, in equal times, perpetually decreaſing in- Thanh 


erements of velocity to A, equal to the correſponding decrements os "2M 
during its compreſſion, which vaniſh when the ſurface has re- | 


gained its natural ſtate; when A leaves B, and is reflected with a 


velocity equal to that loſt by impact. When A and B are both 
perfectly elaſtic, the particles, contiguous to the point of impact, 
give way equally; and when 4 is perfectly hard, and B imper- 
fectly elaſtic, or when they are both- elaſtic in different degrees 
the particles yield' to impact wan we and a pit or * "muſt 


fees ine of Tar" Klee ef eme 


260. Cor. 4. Tf the t times of compreſfion and reſtitution be * 
vided into the ſame number of equal moments, and the decre- 
ments and increments of velocity, in correſponding moments of 
compreſſion and dilatation, be as 7 ::1, the velocity loſt by impact 
is to that communicated in an oppoſite direction, in the ſame ra- 
tio of : 1 (Euc. B. V. P. XII.). And, if this ratio between theſe. 
velocities always obtain, their correſponding increments and de-. 
crements wall always wn to each othes)! in that ratio. 
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261. The exiſtence of elaſticity. 18 demonſtrated: by. numberleſs: 
experiments. When two bodies impinge, they muſt coaleſce. if the 
ſurfaces of contact be immoveable, or, after receding, remain 
immoveable; and their ſeparation is a proof of elaſticity. Metals, 
ſemimetals, ſtones, gems, foſſils, cartilages, moſt fluids, as air and 
even water, exert an influence oppoſite to the direction of the force 


ral ſtate, which is, in all of them, imperfeci and leſs than the force 


| lages. 
Muſchenbroek, Ch. XVI. Deſaguliers, Lect. VI. 


110 


LAST ICT. 


lages. Elaſticity is encreaſed by encreaſing the denſity of a a 


for metals are rendered more elaſtic by being beaten with a — 
mer, and their elaſficity, which was not perceptible before, becomes 
after this very ſenſible. Steel is more elaſtic when tempered, and 
its denſity is then encreaſed in the ratio of 780g : 7738. It is alſo 


ſometimes encreafed by cold, as the range of a cannon ball is 


FIG. 
LVI. 


greater when the canton is cold; than when heated, and the ſtring 
of a violin, or a ſteel lamina, is inffected, and recovers its ſituation 
here of action 


with leſs force in h6&t than in cold weather. The # 
of the comp onent 15 arts of an elaſtie body, and the moments of 
ſe, and recover, their ſituation, are too ſmall 


time in ck they 


to allow of Jecifive experiments for aſcertaining their intenſity, and 


laws of operation, at different diſtances from their natural Kate; 
and the reſult of experiments is only the relative magnitude of the 


velocity loſt by impact, or the whole effect of compreſſion, and 


that communicated by the whole aggregate force of reſtitution. 
Metal fibres, and thin ſteel laminæ, exhibit no elaſticity unleſs 


ſtretched to a certain degree, and inflected by a certain force, as 
appears from lax chords, which, if a little ſtretched and removed 
from their natural ſtate; diſcover no tendency to return to it; and, 
when the inflection of a fibre is very great, the influence of elaſticity 


ſeems to be annihilated, as appears from fibres of wood, which, if 


inflected beyond a certain limit, remain quieſcent and have no ten- 
dency to recover their ſituation. This is alſo obſervable in elaſtic 
bodies, for their elaſticity is only diſcovered by impact, and the force 
of impact may be ſo ſmall as to excite no ſenſible motion of the 
conſtituent parts, or ſo great as to deſtroy their elaſticity; but the 


lim; its where it begins and terminates are unknown. 


A general 


idea of elaſticity may be formed by confidering the moſt. ſimple 
caſes of the vibrations of fibres, or thin ſteel laminæ, and con- 


ceiving elagic bodies to be boy poet of them, 


Ex. I. If any 7 metalline: it or Wi luminn of fieel, 
whoſe length is AB, be ſtretched and fixed to two immoveable po 


ints 


A and B, and inflected into the poſition ACB by a power which 


ceaſes to act at C, it will return by3 its elaſticity to its natural ſtate 
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BLASPTEGCLTY: 
proceeding, with the velocity 

forin — equal vibrations on each ſide of AB till its motion be 
nen by n and 1 reſiſtance of the air. 


Exp. II. If dun diana of this fibre from a table, to which it 
| 10 Parallel, be equal to D, and a ſpherical ball P, whoſe diameter is 
2 D. be rolled againſt it, the fibre will be infected, and this in- 
flection will enereaſe till P be quieſcent, and, then returning to its 


firſt ſituation, P will be repelled and detached from it, when ar- 


rived at t Ay with a n yearly 2 to that of impact. 


7 


Exp. III. very ſmall ; inflections PD, PC, of the ſame fire 4 B, 
are found to be-nearly:as the inffecting forces; but when the in- 
flections are confiderable, they vary as ſome power of the force, 
whoſe exponent is leſs than unity or fractional. If AB be a ſmall 
braſs wire tended by a weight V of 31b. and inflected " P by 
weights: equal — and 1 o. ſueceſſively, PD: PC: 222 105 
eee eee forces. bas z 28851 


Exp. IV. If the * * of hs wire ha ne his 2, 3, Ke. 
and the ſmall inflections PD, PC be always to each other as 1: 15 
the inflecting forces are found to be as 1: 2 and 1: 35 &c. or in- 


1 as the n of ** wire. 


: 


| Exr. v v. If the lengths of 3 wire be the ſame as in Exp. 113, 
be equal to 3 lb. and 6 lb. and PD: PC:: 1: 2, the ſame as be- 
fore; the inflecting force 


1266 Cor. 1/15 55 re . the fſefting Nes L the 1 of 
the Wks I a ſmall infection PD or PC; Tis as F (Exp. 111.); F 


is 8 7 L (Exp. IV); and Fl is as 5 (EXP v.. And conſequently 
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acquired, continue to per- 


; are as 1: 25 or they vary directly as V. 
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26%, 3. Cor. 2. . Fibres of nnequal thickhelles may be chock to 


be compoſed'of a greater or leſs number of finer fibres of the ſame 


thickneſs, and if V, L, I. be given, it is evident that F will be as 
the number of ſmaller fibres, or as the area of a ſection of the 


fibre compoſed of them, or as the ſquare of * e 005 | 


De 9 ages 
and a f will vary as 210 at _ * 


| 1 2 1 4233: * - . C7 1 | 
1 ' | '” S << oy 


0 FA Cor. 3. It- is collected from theſs 2 other amilar expe- 


riments, that the elaſticity of a ſtretched fibre appears as ſoon as 


it is inflected by the impact of the ball, and continues to encreaſe 
to the limit of inflection, where, the moment of the ball and re- 
ſiſtance of the fibre becoming equal and oppoſite, the protruſion 


ceaſes; and, becauſe the velocities of impact and reſilition are al- 
ways nearly equal whatever be the velocity of impact, the velo- 


cities of P are equal, at equal diſtances from the limit of inflection, 
both in its progreſs and WR: | lndt 101704 1 


% 


"uh g. Cor. 4 | Elaſtic Ye cer may 80 ed to be e of 
elaſtic fibres or ſtrata, ſuch as AB; for let the ſphere DBE be 
imagined to be compoſed of ſuch ſtrata, and ſtricken at D by a 
body perfectly hard, and the parts neareſt to D, receding by the 
force of impact, will communicate motion to the contiguous parts, 
and theſe to the next, till the different ſtrata be inflected as is re- 
preſented by the dotted lines in the figure. When the motion of 


the impinging body is extinguiſhed, and the particles, compoling 


the ſeveral ſtrata, are no longer protruded, they will return, by 
their elaſticity, to their firſt ſituation ; and, if their velocity be 
perfect, with the ſame force in acceding to, and receding from, D; 


Ang ONSITE the impinging body will be reflected with a force 
equal 
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equal to the force of impact. And that this is oa 
thetical, but that motion is diffuſed from the point of impact 


70 


Exp. VI. If a ſpherical ball of ivory A be preſſed ag 
other. B, whoſe ſurface is freſh painted with any 9 — it 
will receive a ſmall point of that colour upon its ſurface; but if 


A impinge upon B with any velocity, the breadth of the ſpot will 


be magniſied, and become. ſtill greater as the velocity of impact is 
encreaſed. And, becauſe the ball retains its ſpherical figure after 
mpact, the parts of i its — muſt have loſt, and recovered, their 
a fituation. | 


| e 5 If two glaſs balls impinge with a proper degree of 
velocity, the interior parts of the balls will be broken, though the 
exterior, contiguous to the point of impact, be unbroken. 


Fs * 


'S 


impinge upon B at reſt with a given velocity, A will be reflected 
always to the ſame height, and B will be impelled to the ſame 
nei —5 upon the graduated periphery of a circle whoſe radius is 


che EEE of the ſtring. But if either A or B be hollowed and 


lead inſerted in the center, or nearer to the poſterior ſurface, nei- 
ther ball, though their weight be the * will aſcend as high as 
* the inſertion of lead. 


266. Cor. 1. Motion is therefore communicated from the point 
of impact to the contiguous parts (Exp.v1.), and diffuſed from 
thence to the remote parts of every elaſtic body (Ex?.,vI1.& VIII.) 


o 


ainſt an- 


Exp. VIII. If two ivory balls 4 and B be ſuſpended from the 
fame point by two ſtrings of the ſame length, and the leſs ball 4 


113 
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the remote parts of 1 n is e from the Wender 
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ELASTICETY. 

- 667. Car. 2. It is evident, from ExEvIII., that the: 
motien of the parts, from the point of impnt, is ſtopped hoy hls 
miertion of lead, and conſequently that the foroe af reſtitution, 
and change of figure, is leſs, than before it was inſerted; * U 


2 


Ex. IX. A ſtroke or friction upem the edge of a glaſs, filled 
with water, communicates a tremulous motion to the parts af dhe 
glaſs, which is uiſibly cammunicated to he water. A reed or 
ſtick, placed aorak the bottom of a large glafs hell, will fall ien 
the bell is ſtruck, the tnoke producing — fam; and, if 
a piece of metal be fixed near the brim or lip of the bell without 
— and the bell he ſtrichen by any hard body, it is ſeen 
to touch the metal, and a ſucceſſive of ſounds, perpetually decay- 
ing, may be heard; If the edge of the bell be pinched,. and the 
fingers ſuddenly withdrawn, the ſame ſound is heard without pro- 
ducing any ſenſible motion towards ** * Sen the 
reed acroſs it. 


268. wh The motion diffuſed from the point of impact, to 
the remote parts of an elaſtic body, is continued for ſome time, 
and diminiſhed gradually till it vaniſhes. And there ſeem to 


be two kinds of vibrations of the parts of an elaſtic body, one of 


which-1s quick, and called a tremor of its minute parts, and the 
ot her — longer, r nN as _— e an 
unpinging body Ts ue 
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affections, gravity, coheſion and elaſticity, and the nature 
of the other qualities of matter, being afcertained experimentally, 


production of prefſure, motion; and other phenomena, is the next 
object of merbanteer philoſophy., There are fix ſimple machines, 
commonly ſtiled mechanical powers, from the effects produced, 

with their intervention, by the action of gravity and animal exer- 
tions, viz. the lever, wheel and axis, pulley, wedge, inclined plane 
and ſcrew. They are all calculated to communicate motion to 
bodies, and ſuſtain their preſſure, for which, the power unaſſiſted 
by them, is incompetent ; and the artifice in all conſiſts in diſtri- 
bating the weight amongſt ſuck a number of agents, that the. part 
ſuſtained by the power may bear a ſmall” ratio to, the whole. 
Thus, a power incapable of communicating motion to, or ſup- 
porting the preſſure of, a body, without mechanical aſſiſtance, may 
effect its purpoſe by transferring a part of the weight upon a ful- 


? 


crum, diſtributing it amongſt a number of palleys, or placing it 


upon an inclined plane or ſcrew; and, by this artifice, a power P. 
may keep a weight ſuſpended which exceeds it in any aſſigned ra- 
tio, though without any acquiſition of moment in. a given di- 
rection; for motion is only communicable according to the eſta- 
bliſhed natural relations ſubſiſting between matter and motion, 
and the magnitudes of two powers, in equilibri io, are always 1 in- 
verſely as their velocities. 


* Keil's Phyſics, Lect. X. Helſham, Lect- VI. F 18, Kc. S &. 1. 
C. X. Muſchenbroek, Ch. VIII. Varignon, pag. 305. Maclaurin's Newton, B. II. Ch. III. 


„ on the Principles of Mechanics, Morgan's Notes to Rohault. 
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they are aſſumed as eſtabliſtted principles, and their efficacy in the 
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IL E VE R. 


ike Dzr. A lever is a'bar of wood or metal, and is uſually-re- 
preſented by an inflexible line, without gravity, revolving about a fixed 
at cl rn, 2 * ofion ow. a 10 yo" its 870 
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PLATE The points V, P, where the weight and power act, are the 
F1G. points of ſuſpenſion, and the immoveable point F, about which 
LVI. every point of the lever revolves, is called promiſcuouſly the ful- 

crum, hypo-mochlion, and center of motion. There are three 
kinds of levers: 1. the fulcrum is between the power and weight, 
as in the common balance, ſciſſars, ſnuffers, &c. 2. The weight 
is between the power and centre of motion, as the oars and rud- 
der of a boat, cutting knives fixed at one end, doors, &c. 3. The 
power is between the weight and fulcrum, as a ladder raiſed 
againſt a wall, a weight raiſed by the arm, where the center of mo- 
tion 1s at the ſhoulder, * | "oy 


FIG, 270. Cor. 1. Forces whoſe magnitudes are to each other as PA, 

LIX. PB, PC, &c. acting at P and terminated by a line AC, parallel to 
P F, have the ſame effect: for each may be reſolved into two 

forces, one perpendicular, and the other parallel, to PF; of which, 

the perpendicular parts are equal and entirely employed in 
producing a rotation of the lever round F, or in ſupporting a body 
placed on the other fide of F, and acting perpendicularly to 
FW, and the parallel parts only produce a motion in the direc- 
tion PF, and do not produce any rotation, or contribute to the 
ſupport of W. ts 2k | 


FIG. 271. Cor. 2. If a given power, phate by PB, act at the 
IX. fame point P in any direction PD, its efficacy to turn the lever 
round F, or ſupport any body I, is as the chord PC of the cir- 
cle whoſe diameter is PB; for PD being taken equal to 5 and 
reſolved 
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reſolvedlinto to forots, one Dx perpendiculit, aud dir oer E 
to PF, it appears mne nn, 0 
only effective part * "nn equal to PO. ef 75 4 
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27. Paor. Two — W. P, ier upon lever PW, 3 PLATE 


center of motion is F, at the points P and Win the direions WM, x16. 
PL in the ſame plane, and in eguilihrio, are to-eath.other invenſely „ I. 


the perpendicular let. fall * F ** their directions. 


* 2 * 74 * . * 
; F bs d £ ATR 5 4 «< 
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? n Poden F as Wn) with the e perpendicular FL, 
deſcribe a circular are cutting the direction of in D, and, be- 
cauſe the efficacy of theſe forces is the ſame to whatever points of 
their directions they are applied, let them be applied at L and D. 

Let DE repreſent the magnitude of and be reſolved into two 
forces, one DG in the direction FD, and the other EG perpendi- 
cular to it; and, becauſe DG has no effect in making DF re- 
volve, nor conſequently the lever which makes an invariable angle 
with it, and EG and P act at equal diſtances from F, in direc- 
tions perpendicular to thoſe diſtances, and are in equilibrio, P is 

equal to EG, and V: P: DE: EG: DF (5p HM Jour * 


n e A D. dn ideen 
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253. Gl &K "I 1 Ep or PHK, thoſe kw of P 1 FIG. 
W, which are oppoſite to each other, are inverſely as their rectili- LXII. 
neal diſtances from F; for let FA and PD, be the reſpective 
magnitudes of V and P, which act at V and P, and reſolving 
each into two forces, FB, PE, coincident with the lever, or arm 
FP which makes an invariable angle with 1 it, and AB, DE, pa- 
rallel and oppoſite, and drawing the perpendiculars AC, D, to 


PP, and FM, FE, to the directions; it appears, from. ſimilar tri- 
DP x * I x FM 1 


B that DE: AB. DG. AG: BR... Bp 5 FS 
: 22 becauſe DP * EI. = — ia, FA from this 0 n 
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FIG. 
LXIII. 


F 1 G. 
LXII. 


. ſtanees; or the 
termmateck by th 


nv EIn. 


Cana i thi: Bands acting upon; the 
arms, fa fright -laver; ant in — ;parallch,; they are 
therefore inverſely as their diſtances, or: inverſely as the — 


of any line oe through F and terminated by their directions 
(273). This follows alſo from the propoſition, becauſe the di- 
Ents af any right- line on each ſide of Fand 


r Airectiens, a are in this ſappoſition, as the per- 
pendicufars Tet: ee E N 
4 AN = N ANT YT e 


* 
* ? N 1 , ix : 4 
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276. Cor. 3. The velocity of any point either in a ſtraight, or 
curved lever, varies as its rectilineal diftance- from: the center of 
motion F; for all points deſcribe ſunilar circular arcs, Having 
their centers in F. If if Þ and . act upon the ſame right line, and 
their directions be ular, or inclined in the ſame angle, 
to their rectilineal nc their volocities will be as thoſe di- 
ſtances, being meaſured by the baſes of fimilar triangles which are 
deſcribed in the: ſame time: their velocities are eu bu d each 
We wg wy a8 IONS rg * 25 * * MT *. "7 
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275. Com, 4 If; a EY 3 an axis 4B, or ; Bed 
to an axis which is moveable about twa centers Land B. and 
perpendiculars PF, V, be drawn to this axis from P and V, to 
which their directions are perpendicular and in the ſame plane, an 


equilibrium obtains when P: ay r og 05 "that 3 


| diſtances rr 918" 191 Hoge N 
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FFC 
EFH x 110.4. FPL (or the angle which P's direction makes with: 
EP) is equal to x FW x lia. C Fil, Al (or the angle which Vs direc- 


tion makes with Fu, for P; 9 F: FL:: Ex ſin. 4 E 4 


rad. 
: P 
83 , and" Fx PP x fin. 4 r E = x PWV x fi. 


Fu M, ſuppoſing the radius to be given. e 
279. Cor. 


Li E. VS ER 


-294- Quit, 61 The ĩatenſities or moments of any powers A. +. Tau. 


. ee. vide een are parallel, vary as their mugmitudes 
Fram. the center of motion; for let 


9, R, S, &c. acting at the ſame paint B, in direRtions parallel to 
thoſe of A, B, C, &c. be in equilibrio with them reſpectively, or 
85K 2.) let Ax AF =Qx EF, Bx BFS RN EF, Cx FC= 

Fl &c:; and the efficacy of 4, B. C, e. to make the'fever 
rh or ſupport any power” ' aQtirty "againiſt | them at E, is evi 
dently W F, &c. or as RN EF, of, ſubſtituting, 
we Is as ah &c. 
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280. Cor. 7. The interifities' or moments Gel 14 8 C. Ke; As. 


ſines of whoſe directions with their rectilineal diſtances to the ſame 


radius are 4, b,.c, &c. reſp 1 if Þ wall be as 4: a x 2 Th 
BPF*45+ R PN c, &c,; far if 2. R, 8 act at the ſame po int . 
in the ſame direckion, the ſine 7 whole inclination to 5 Fa >, 


and be inequilibrip. with them, iN 
x air B x BFxb+0C0%* CFx 5,8 


c. e 


281. Cor. 8. more than two powers act upon à lever, there 
will be an equilibrium when the ſum of the 1 0 ducts ariſing from 
multiplying each into the perpendicular diftance, of its direction 
from tlie center of mqtion; gr Af r reftipns, be parallel 118 
the lever ſtraight, into its diſtance f rom F, on, one ſide, is equal to 


the ſum of the products on the other fide. Whatever be the form 


of the lever, the value of the perpendicular may be ſubſtiſtituted: 


for it, and an equilibrium cage 2 the Wy 0 the „ 
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282. Cor. 9. Becauſe the efficacy of P and V is the hae to 
whatever part of their direction they are applied, a bended or 


curved iever may be reduced to a ſtraight one, inaking an invaria- 
ble angle with it, and 1 e be always ſuppoſed 
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PLATE 253. PROP: Peru levers W CCE BP, &c;:are 
FIS. combined rage ther in the Jame Yirettion, 'the ratzo'of Pt W, — 


LXV. the ſame plane at their extremities; in purullel dinectiomt, a 8 
| eee ee e 
e 4 wigs DUTCH OE 585. 0 ett 

x AA 3 *X 3 279 Q ek x == þ 
Dun. Let W K. F. acting at the nts G, 8 P, in 
directions penn to thoſe of and. P, be 2 in * 


brio with N and PRAC ( 274) W:9:: BC: Vn 
| FX} 4 "DE. CD 


N: Pr: 
and, x — uf ener V: ahh nnn, | 
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PEE 1 1. If P and V act in n different directions, and oa 

R act alſo in any other different directions, and Q, R, P be re- 

ſpectively in equilibrio with V, 2, R, perpendiculars, let fall 

rom the centers of motion, B, D, F, upon their directions, are 
to be ſubſtituted for the diſta cee. 


285. Cor. 2. If any of the forces, i in this and the preceding pro- 
poſition and corollaries, act in different planes, they are to be 
reduced to the ſame plane by reſolving each into two forces, one 
in that plane and the other perpendicular to it, of which the for- 
mer N are effective, and are to be uſed 3 in the ſeveral analogies, | 


5 
"4 


510. 86. Pro. If liner be drown from F parallel to the direftivns of 
LXVI. P and W which meet in A; P, W, and-preſſure upon F (Pr) are 'to 


each other as the fides and diagonal AB, AC, AF, Gf the parallelogram 
CAB F, reſpecirvery 


ban M. Fig F let fall the W PL. F N upon ihe * 
directions of P and V, and the triangles FC M, FLB — a 
Ne 2718 in each, and the angles FCM, FB L, either equal to or 

N the 


* 


_ * 
Fay * n f 
Ta 


E E v EI R 


2 FCU: F and a force, hoſe quautity and direction are AF, ig 
equivalent to H and sg. E. D. Wi OY Ay | NR. i T3] 


YN SJ 


287, Cor. 1. A power therefor acting at F, whoſe magnitude 
is to P\4+ H M to AB! WE, and whoſe: ditedtions/are-F.4, 
AB and AC, Wen n ur K: S: 


F 2 , OY © ” £4 » ** * 2 ＋ 17 
42 1 } : llt 914 ka Val 12 JF. I N E 10 H. 53455 FFT? Der * Dune vn 11 


TY 5 ASN aol ons 2 2 2 

91 1.288. "Cora g. "The —— of ©, tor. Pr, 3 s the Ine of 

ae 550 by the directions Sf the gther two; — Ava 
2087 P:: FA AB un. of BB or RAC Hm AE Ror PAC: 
Prin R, in. of 2FGAor AA: e ee, Aut e 


pie: W: P:: AC: FC: eee . 


289. Cor. 34 Any tur bf fleas preſſute upon F/ P, and N, 
are to each 1 inverſely as tte perp 

directions from any point in the ditectien of the third; for P-: P 
tf ſin. of C FCA Dr MAH: ſin. of At: MH: WL (ſuppoſing 
A and Vl to be perpendicular to the directions of P and Pr. 
and A to be the radius); and HH: N ſm. of B or PAK: 
1n|of41BAHF or BANYP Ku P. Gajpoſing F and N to be 

perpendicular; zeſpettively, 6 the directions of # and P., and 
AP ro bei the radius, &c. And at the lever be ſtraight and the di- 
rections of P and FW parallel, the magnitudes of P, and Pr, are 


— 


as the diſtances of the other two, the perpendiculars then "uh 


ing the diſtances. X s 
ner Kae Srl 260} fit a t 16 10d man ve 3 400 5 58 


var MA ANR DU RA DN AN en enorfortb bus eabutity 
296; Cor. . If the extremitirs of the ſecperdiculath FL) F a, 
be joined by a right line LA, Pr, H and M are to gach other re- 
{pectively as Lau, Lud and FL, for chis triangle is ſimilar to FAB, 


as rakly:appearg by deſcribing a diucle up Fitrias. diameter. 
SAX 0 aue yviovitSeqts! NG e gail bas (281) T gun 
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the ſupplements of C{B) are ſimilar z therefete P. Nee M: FL af Va 


KD 


X.1 


endiculars let fall upon che 
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FIG. 
LXVII. 


FIG. 
LXVIII. 


FIG. 
LXIX. 


Forces Qand R acting u 
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\'2 291. PROP. The alder from F, quantity\and direftion; "y any two 
pon à ſtruigli lever in tle ſame plane, being 
given, to 7 the magni rudy * 15 4 Aab * a fore * 
to them. 


od. 


155 4 {3 gaif9s ett ere A 1 00 x 
\ Let the directions of Land · R meet in A. Anh iüng 4. AD 
2:9: R, and completing the parallelogram; the diagonal ZE is 

the magnitude and direction of a force equivalent to them (185). 
But R and the angles AQ R, 4 R being given, A2: AR, and 
the angle AR may be found; and AB, AD, and the angle 
BAD being known, A E, the magnitude of the combined force, 
and the angle BAE may be found; and A, and the angles 
ANN, AN being found; the angle QNA, or inclination of AN, 
to Finn are known. Q. E. JI. 5 


292. Cor: 1. If any 8 of forces R, 8.1 in the ſame plane, 
whoſe magnitudes and directions are AB, AC, ER, act upon the 
lever FM, and be in equilibrio with any other forces T, V, u, 


whoſe quantities and directions are HG, HI, LN, they may be 


reduced to two which are in equilibrio; for AB and AC are equi- 
valent to AD, and taking EF: equal to 4D, EF and ER are equi - 
valent to E and in the ſame manner HG, H, LN are equivalent 
to LP, which is in equilibrio with Eg, becauſe the lever is at reſt. 
And the directions, and diſtances. from * of LP 11 R are 
found as in the nn | | 


293. Cor. 2. Any number of forces in the ſame plane, whoſe 
magnitudes and directions are AB, AG, EX, HG, HLN, may 
be reduced to one, which is equal to the preſſure upon the fulerum; 
for, ſuppoſing the forces E and LP, reſulting from the other 
forces combined, to act at their interſection S, a third force equi- 
valent to them, and canſequently to the preſſure upon F, muſt paſs 
through 8 (185), and, taking SU, SV, reſpectively equal to E. 
LP, and completing the wn SY will be its magnitude 


and direction. 
2:94, Cor. 


4 * 


.*..+ E VE R. 

294. Cor. 3. If any number of forces, whoſe quan 
rections are given, act upon a lever, the poſition. of a fulcrum, 
about which they will be in equilibris, and tlie quantity and di- 
rection of — upon it, may be found; for, let the directions 
of 2 and R meet in A, and taking AB: 40 :: A: R, and, com- 
pleting the parallelogram, its diagonal AD produced, will cut the 
lever in a point, which being ſupported, and R will be in 
equilibrio (286); and combining AD with S, and the force, re- 
ſulting from theſe, with another, &c. the diagonal will always 
interſect the rds a 8 E, about which * will aer 9 00 
librio. 5 ft 


. LEMMA. 17 right lines be drawn from | any point P to the ex- 
mn of the di N and fides, of the parallelogram ABCD, the 
triangle PAC, having the diagonal for its baſe, is equal to the differ- 
ence, or ſum of the triangles PAB, PAD, having the fides for their 
baſes, according at P is Situated between the lines forming the angle 
BAD, or thoſe which form zts e to two right angles. 


"Ds M. Cas I. Let P be fituited ES the lines 8 the 


tities and di- 


FIG. 
LXX. 


angle BAD; and, drawing Pu n perpendicular to 4B or CD, the 


triangle APC = e, er but AD PCS ADC—+ 
2 | 

DPC= AB x © rom + DC x eee AB, there- 

fore APC= n- Abb. aiot vnn cc | 


. a x : 
„ 2 * — A 
* 1 1 WS v * N 
o * 


s II. -Let P be basel bene the lines ming the ſap- 
clam angle to BAD, and the triangles ADC DPG = 


. mn == Pu (Pn) = ABP; _ oper APD to ig 


, . 


APC= MBP + ADP." 0 eee, er en, 34 
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FIG. 
LXXI. 
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PLATE 496. h e P he! in one of the ſides. containing the angle 


"1G BAD, the bee PE Ae N Nr I 
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Wach 1 297 3 P. be inthe diagonal the criangle 70 B == ABC 
== C be's L rc 2941 e pb. Yi 
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when it is within. ordil 


298. Cor. 3 ;1f perpendicular be. drawn. from P to the diago- 
nal and ſides; Pd, Pg ST RE ee wad 
2 REA 10 is in in the a i X 2 2 me D yy, 


ral CAT HAT e Id Iv" 


FIG. 299. per, * there be any number of tl & Kt 8. 1 in 25 | 
LXXIV. ſame plane, which are combined as before, the ſums of the product, 
ariſing from multi plying each into the perpendicular diftance of its di- 

rection Datos 9 Pee . ” & i” e 9 eis arg e equal a on each. | fide 


of ite A EX, 1 : £ : : CY 1? 
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Daw Let 0 D, 66. cn CK " Ns calls had 2 
R, &, T, reſpectively, and compounding them, and drawing per- 
pendiculars, from any point F in the Jaſt diagonal, upon their di- 
rections, viz. Fa, Fb, Fe, Fd, Fg, F; from the preceding lemma, 
CKxFh=CIx Fg CE x Fc —=CHx Fd C Dx Fa + CG 
x Fh — CH x Fd, and conſequently Gor ©x\Pb4-CiHors * 
Fd C or D Fa CG or R x Fb. E. Dean 6: 


300. c. A 1 Adele We rd a - polgt 8h in 
the diagonal LC, produced in any direction, and in the ſame plane 
with the forces which act upon it, will be in equilibrio. 


301, LEMMA. 


80: 
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3001. Lemma: if. a right line PW revolve round 4 Aired point E. 72 . 


and lines are drawn from its extremities en another ßurd point Qi ts 
* ch perpendiculars FL, FM, and Fl, Fm are drawn from F, and W 
LE to AE F L * fo be "ML 2 e ratio than Fl: F m. 


% F a 
Wer Loeb? ee 405 1 


£ 3 
/ > \ *. ? y | 7 Y 


- Tale 8 2 b, W draming the 8 
71 FL: rv: E. F. : fin. Cr Pv:: 57 „ru: FM 


: Pr (F): FP, and comp. FL: FM :: PN FEM: Mx FP. 
By a ſimilar p roceſs, F: FI: : x FP: 78 e and adding 
heſe analo W ge de, FL x 75 FMX FI: :P 1.4 20 Q 
* . N FP xþ 2.x FM: Pꝗa x ug: cas But P is 


greater than 2 and 0 than Wand conſequently PAN N 


is greater than VAx 9, and FL Fn than PM Fi, and che 
ratio of F. : FM is greater than that of F/: Pn. Rm D. 


* 
«> 3% © Wh Sui nk es in Bat? -þ NES «<Q 4 of 1 
1 FI FY2 £ F — * * 4 1 * * 4 n 4 A G 

” n 1 $2314 1 nt! ; ©17 » A 24 FF L \ ; #3 4 14 108 . Ge | 


J02. ProP.! if any two powers" P and 17 hoſe directions always 
meet in the ſame point Q. be in equilibrio upon the lever PW in any one 
poſition of PW, they cannot 85 in We r rt is in any other 
Poſition {ai do dit 2030 513 no bavela 2d A .c,407 vor 


7 4 p N = 1 . 
* } 4 . . EI * % { 124 ? e 11 7 } i a. ; 1 2 {7 7 F. : — . 3 7 
4 1 f © =» * F ” 8 SE £3 '4 - # # ® 4 : t * * * 1 * . Fa . * , : 4 # + . * 4 * } f 1 
% — 


jo fact 


Dx. Let che lever revolve, and be 3 in any other ag 3 W, a 


and becauſe P: Vi: FL: FM. e 0 Fob n 
(301) P will * Q. E. Bi. Maids -olorke rad 


* 4 & #-a bd : 8 + 
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303. Cor. x. Fe Jen Fhat Winne cannot reſt till it paſs 
Ae the gant Bee | „„ 


304. Cala 2: If the directions of P and be parallel to each 
other, they will be in equilibrio in any poſition of the lever, be- 
cauſe the perpendiculars drawn from F to their ditections are al- 
ways as the diſtantes, and conſequently in a given ratio to each 


other. And, for the fame reaſon, if there be ever ſo many forces, 
oF in parallel directions upon the: arms of. a mathe Jever, 


—4 


125 


— 
. wg 
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and in n equilibrio in any. one ſituation of the: and they will be in 
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'FIG. 266, 'Phoy. 77 . center T's motion F he Maes ne the ade 
LXXVI. pop PW, and P and W, acting always in parallel directions, equilibrate 
" am _— PW, N do wy r e a N Ar, m MANCE 


Dau. From 2 PM and Fm pe rpendicular to the lever, 
anal P: V:: WM: PM:: mn: pm, or in a leſs ratio than that of 
L: Ly or L: LR, and conſequently much leſs than that of 
the perpendiculars from the center of motion F upon the direc- 
tions, or MV: MR. Q. E. D. | 


* 


306, Cor. 1. Becauſe P: & in a leſs ratio than that of M: 
MR, Px MR is leſs than VX MV, and conſequentiy W will 
deſcend. 


PLATE 30. Cor. 2. If F be placed on the other fide of the lever, the 
18. deſcending body will preponderate; for P: W:: WM: PM:: mw 
LXXV II.: p, and conſequently P: WM in a greater ratio than that of Lw: 
Lp or LV: LR, and therefore much greater than that of the 
perpendiculars upon the directions or M & MR; and Px MR? is 


greater than that of VX MV. 


510. 308. PROP. If P and W af? always at the ſame diftance from the 
LXXVIEL ver, in directions parallel to FM, and in equilibrio about F in the 
 pofition PFW, and the lever be moved, the deſcendi * body will continue 


to preponderate. 


DEM. Let FN, ps, wr, be drawn parallel to the directions in 
which the bodies act, pA be the lever, and F be the poſition 
of FN; and from ſimilar As r: s:: L: Ap, and therefore 


* ho in a greater ratio than #w:p or N,: MP or WM; _ 
PL or 


4 
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PL or P to V; but Nr: Ns in a greater ratio than Kr: An and. ; 
conſequently P: W in a leſs ratio than Nr: N s, and the * 


wil continue to GEES: 


| 3 09. "Ge! When the bodies are 4 under the lever, the de- 
| ſcending body will continue to deſcend, becauſe P: in a leſs 


ratio than Ny: Ns, as 850 appears by turning the figure. 


$CHOLIUM. 


310. In all communications of motion by impact, the quanti- 
ties of motion loſt and gained being equal and oppoſite, the quan- 
tity of motion eſtimated in the ſame direction 1s invariable, and 
the quantities of matter vary inverſely as the velocities loſt and 
gained; and if two bodies A and B act upon a lever, or any other 
machine, they are ſo connected that 4 cannot deſcend without 
making B aſcend with the ſame quantity of motion, and. their 
quantities of matter are therefore inverſely as each other. Theſe 
caſes, having ſuch marks of coincidence, are inferred to be ſimilar in 
every reſpect, and the cauſe of an equilibrium, in the. mechanical 
powers, is often immediately aſſigned. from this equality of mo- 
menta; but they are not exactly ſimilar, becauſe when A im- 
pinges upon B, ſome part of its motion 1s transferred to B, and 

As motion neceſſarily precedes this communication of motion; 
but, when they act upon any machine, the deſcending body 4 
cannot be ſaid to communicate any part of its motion to B aſ- 
cending; becauſe, from their connection, their motion muſt ne- 
ceſſarily commence and be extinguiſhed together; and beſides, the 
power of the lever ought to be conſidered. The ratio of the power : 
and weight may however be aſſigned, in every machine, from. their 
incipient momenta; for P and V, acting upon the arms of a lever, 
exert a preſſure and have a tendency to move; and if 2 and & be the 
velocities with which A and B ſtrike the lever, eſtimated in ſuch 
directions that their preſſures are ſolely employed in reſiſting each 
other's efforts to produce motion, no part being loſt by obliquity 


of direction, Ax a x into its velocity or diſtance from the centre of 
motion 


428 ILE VE RN 
mot ion is equal to B b x into its velocity or diftance, when there 
is an &quiſibtivm; and by ſubſtituting preſſures or P and M, for 
Axa and Bx b, the ratio of P : Vis found to be the ſame as Was 
before collected from the reſolution of motion. As the velocity of 
any point of a lever varies as its rectilineal diſtance from the cen- 
ter of motion, all points 'deferibing fimilar circular arcs roumd it 
in the ſame time, if the directions of P and M be perpendicular to 
their rectilineal Aftances, their velocities will be the fame as thoſe 
of the points where they act and wholly efficient, and when there 
is an equilibrium, P will be to V inverſely as their rectilineal di- 
F1G. ſtances. But if the direction of P or be enclined to their recti- 
LXXIX. lineal diſtance, their efficient velocity will not be equal to that of 
the point where they act; if P% direction be the line PD, it is evi- 
dent that P will have two motions whilſt the lever revolves, one 
acceding to, or receding from, F, according as the angle DP is 
leſs or greater than a right angle, and the other produeing the ro- 
tation of the lever; for, deſcribmg a circular arc with F as à cen 
ter, and FD as radius, the power will act at every intermediate 
point in PE whilſt the lever deſcribes the angle PFD. The mo- 
tion in the direction of the lever is inefficient; and if PD repreſent 
the direction and quantity of 2's velocity, and be reſolved into two, 
PO“ in the direction of PF, and DC perpendicular to it, this laſt only 
is efficient; and if the angle at F be very ſmall, A DC Davos 
cular velocity or into Done 77 oor en! F to be 
perpendicular to the direction, is 4's s efficacy to turn the lever. The 
effective part of B's velocity being found in the ſame manner, - 
theſe values of à and 5 being ſubſtituted for them in the fa 

tion of an equality of moments; whatever be their Aireieae, e 

ratio of P to V, is the ſame as that diſeovered by other principles. 
Thus in an equilibrium 4 * PD * FL 1 is siven, atid a 


4 PO or the preſſure of Þ i in the line PD i a8 F EF. The de- 


monſtration of this fundamental propoſition, afcribed to Archi- 
medes, depends upon this principle, that if a number of Weiglits 

| be fuſpented npon the arms of a lever, at points equidiftarit! from 
er on the Tame fille of the fulcrum or not their 

| efficacy 
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efficacy to make the lever revolve is the ſame as if they were 


united in a point biſecting the diſtance of the points of ſuſpen- 
ſion. Mr. Huygens ſays, that many fruitleſs attempts have been 
made to remedy the defects of this demonſtration, and propoſes 
another founded on this principle, that when two equal bodies are 
placed upon the arms of a lever, that which is moſt remote from 
the fulcrum will preponderate. But this principle is not more 
evident than that of Archidemes, and beſides, his proceſs is pro- 
lix and tireſome. Mr. Maclaurin hath given a demonſtration of 
this propoſition when the arms of the lever are commenſurate, 


and his method might eaſily be extended to caſes in which they 


are incommenſurate, and be made general; but this would add to 
the length of a proceſs already very long. The only principle i in 
Sir I. Newton's demonſtration that hath been controverted is 
_ this, which is taken for granted. that the ſame power will have 
the ſame effect to whatever point of the direction, in which it acts, 
it be applied; yet no doubts, are entertained of the truth 
of it, though, perhaps, from its ſimplicity and intuitive evidence, 
it cannot be demonſtrated by more ſimple principles. If the line 
PC and the angle PH be invariable, the radii PF, CF: being fix- 


ed to PC at the points P and C, it is evident, that two equal forces 


. 
5 
« 
_ 


F 
- 


s Sos 


P and 2, acting upon the points P and C in the directions PCG 


and CP, will deſtroy each other, and the line PC, and conſe- 
quently PF and CF, will be quieſcent. If therefore P make a 
body deſcribe the are V in any ſmall time, 2 will make it de- 
ſcribe a M in the ſame time, or they would not deſtroy each other's 
effects. Equal forces therefore P and Q acting at different points 
of the ſame direction, in the ſame time make the radii PN CF 
deſcribe angles at F, PFp and CFc< equal to V Fu, and there- 
fore to each other. Though this demonſtration of Newton be 
general, conciſe, and perfectly ſatisfactory, the great utility of the 
propoſition may poſſibly render other demionſtratons 1 it not un- 
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FIG. 35 4B 10 ne ee and c the tiſetion of its 
LXXX. axis, and it is evident, that if a fulcrum, or power equal and op- 
polite to the preſſure upon it, be applied at C, the parts AC and 
CB will be in equilibtrio. Let any point D be taken, and, biſect- 
ing AD in E, and DB in F. it is clear that two. powers, reſpec- 
tively equal to the weights of 4 D and DB, applied at E and F, 
will ſupport them, and have the ſame effect with the fulerum, or 
power, applied at C, and be in equilibrio about C: but CE = CA 
| \ — AE = LEED war . and C CB— BP = = == 
_—_— and conſequently CE: CF::DB DW tt force applied ; 
at P: force applied at E. QE. D. eee e 


FIG. 311. LEMMA. If from any point P. in the diagonal of a parallelo- 
LXXXI. gram, ABCD, two lines Pm and Pq, be drawn perpendicular to the 
fides, the perpendiculars and fides are inverſely as each other... 


DRM. Draw CE, CF, perpendicular to the ſides, and, from ſi- 
milar triangles, Pq:CF:: AP: AC:: PM: CE; therefore Pg; 
Pm::CF:CE::CD (AB): CB(AD) (ſim. triangles). Or, this 
follows from (298), where it is proved, that AB x P m = AD: * 
Pg, and conſequently, P: P:: AD: AB. Q. E. D. 


FIG, 312. PROP. If any three forces W, P, Z, whoſe magnitudes and 
LXXXII. directions are AB, AC, AD, act upon the lever WP, which is at reſt, 
W is to P inverſely as the perpendiculars let fall from F upon their 

ar" ons. 


DEMONSTRATION or ARCHIMEDES. . 13x 


DEN. The directions of theſe forces muſt be in the ſame plane, 
and meet in the ſame point, (216), and are reſpectively as _ ſides 
and diagonal of a parallelogram parallel to their directions; and : 
P::AB:AC(196): EL: FM(311). The effect will evidently be the 
fame when a fulcrum is applied at Finſtead of the force Z. QE. D. 


pr. Hamilton's demonſtration of this propoſition depends upon p1G;: 
the ſame principle with the above. Let the forces V, P, Z, act LXxxuUl 

upon the inflexible line V at the points V, P, F, and let the 
directions of P and meet in C, and the direction of a force 4 


equivalent to them, muſt paſs through C. Therefore P, NV. Z. 


are to each other as the ſides and diagonal of a N 
reſpecuvely-p arallel to their directions, FA, FB, FC, and Wi 8. 


406: 50 f fin. 4. AFC(FCB) : ſin. Z ACF:: FM: FL. 
: Z :: AC: Fc :: ſin. FC: ſin. FBC or BCA: Pe: PN, 
ſuppoſing P and PN to be perpendicular to the directions of Z 


= 2 
:: EA: Id: n FCA: H. Z FA or ACB: WG: WR, 
edits WG and wu R to be Lr to the directions of 
Z and P. 
The parts of and P, which act in directions exactly oppolit FIG. 
to thoſe of Z, are found by reſolving AC and QA (BC) into two a 
forces, one parallel to the right line joining , P, as Am and B, 
and the other parallel to FC as Un, Qn. The oppoſite parts An, 
Bn, are equal and deſtroy each other, and the conſpiring parts 
92m + 2 muſt be equal to Z; and conſequently When thro forces 
W and P are in inne with a third force Z, and their direc- 


tions are all parallel, 
| W:P:: CB: BC:: Pg , a 
W: Z:: Cn: N:: CA: c:: 1 e 


FBA : DC K ̊] IMP.! wo wid i 


ant? 
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13. DEF. T, be ancient balance, commonly called the flatera romana, PLATR 
or or fleelyard, isa chart 80 on firſt ang ſupported at * Leger F, Leu 2 


Fe. 111 


ow Efay on the N of TY + Heltiam, LeR. VI. Maſcheab, Ch, VIII, 
$CCCLKXXIL Deſaguliers, pag. 95. 
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11 n 4 


FIG. 
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near ane extremity, about, avhich: the Bracbia FA, FN qui n 
On one fide of F at the extremity A, an unknown weight; W. it ſuſpend- 
ed, and an the other fide a know weight, P, is moveable upon. the arm 


FN, wobictis divided into parts Aal 65 VA, each "ow whidÞ 15 1 Wy ww. \ 
vided. into TOP oo, &c. equal parts. j tity 


C3 * 


314. Cor. If P be at x, che fourth diviſion 5-60 T, Which ! is the 
1 diviſion from E, when an equilibrium obtains 'betweek it and 
*, and IK be divided into 7 equal par ts, the weight of * will de 


equal to Px n+ £; forW: P: Fe: Ta Faun. = IE 


* 99 
I 


— 


n 0 . I, and leben 1. — P * n 2 2. * ; i wes 


31 5. Dr F. The b or _— balance, or a pair - of ! i 
4 lever M the firſt king, as AB, ſupported. at its Wheat an F: fo tbe e 

tremities A and B are ſuſpended. bafins or ſcales, and the. Frachia « and 
—_ on each * Y F, are "e ſuppoſed to Gn, 8 * 


— 4 3145 


5 , 


3156. Cor. 1. If a any known weight, P, placed i in one cle e equi- 
8 with one unknown, M, placed in the other, the weight 
of W is Known. being equal to that of a for P: i i AF: v2 
(274% *. dy, and eee 2 . er 


* * 
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317. Cor. 2. A balance, whoſe arms. are unequal i in length, i is 
fallacious; for if AF and BF be unequal, P and V, when in 


equilibrio, cannot be equal, for W = TELE But the refition of. 


ny : AF an known, W is alto ma dew? 


3 "Cana 3. 1 ar nip is qual to 155 fanding 
in ane : ſcale and in ape n 4 wow in the 5 perks. 


oi By * 
; 2 
1 


£ . 


2 


E U EA N O R 


the beam upwards i in D wich a force equal to 2: che diminution 
of is moment is equal to FD; and becauſe the reaction at 
the ſcale is equal to the encreaſe of Vs moment is equal to 
EA, and conſequently W will deſcend with a force equal to 
AHD. If the preſſure be upwards at E, V will deſcend with a 
force, reſulting from̃ this preſſure, N to AN EF, and, from 
the reaction, with a force equal to Q EA; and therefore the 
whole force of deſcent is equal to 2 WW Wien Pp preſſure 
is downwards at D, the encreaſe of Vs moment is equal to Q x 
FD, and the diminution of its moment EFA, and, conſe- 
quently, will aſcend, with a force equal to x HA. If the preſ- 
fare. be downyards at E, the diminution of M's moment, or encreaſe 
of P's. moment, is equal to & F, and a part, Q of is weight 
being transferred to E, t the diminution of its moment, on that ac- 
count, is equal to 9 x FA; and conſequently the whole diminution 
of #'s moment, or force of P's aſcent is equal to * EA. 7 


20 4 Cx * WY 1 14 "Pp 


A 2 rc 141 


Indi N 184 


joining yg ene of dee the ae n en of ha AION 


upon the directions of and P are er to GB and GA, C 
being perpendicular to AB; but when the balance is in any other 
poſition P, the perpendicular CT is greater than CH, becauſe g L, 
which, is leſs than CI, is equal to g M, which. is greater than . 
HW will deſcend and continue to vibrate till, its motion be deſtroy 

by FARO 117 5 cor ollary is alſa deducible from er A wol 


4 Þs t 01 it 3 07 1BIg2Dngqiey od 1229 2s bag A 
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320, Cor. g 1 17 4 Fa 5 une Teal ene hein the right line 
'P, the ä of them will deſcend till % H. be perpendicular 


4+ 4+ a *3 


to a horizon, | or, if the center of motion be not in VP, till P 


CH = Wx CL. 


713 Rd 4 1 * Ts " 9 8 . 1 — = 4M 8 1 l ? 5 * by . . x 
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319. Cor. 4. If- the; center. 7: motion be ie i fine FIG. 


LXXXVII. 


7M BA) DI A, NI O. E. 
15 321. Cor. 6. In a balance whoſe arms are unequal; the weight 
of I may be till aſcertained ;"for let M ſuſpended at A, be in 
<equilibrio with a known weight Q; ſuſpended at B, and # x FA 
== Q x FB, and, ſuſpended at B, let it be in equilibrio with a known 
weight R ſuſpended at A, and # x FB = Rx FA conſequently, 
by multiplying theſe. equations: e 28 * * FO X EB = 8 a 


4 RxFA% FB, SIR 


> ** 
. % * g * * % 9 . — * ; 


,FTG., 3282. Cor. 7. If the Head of the baths be fippoled to ad 1 
weight and be fimilar and homogeneous i in every part, its center 
of gravity is in the biſection F; but if it be not homogeneous, or 

the center of motion be not in the biſection, let & be its center of 
| gravity, and an equilibrium will obtain 'when P X PF 155 
(weight of the balance) x GF= N b | 


323. Cor. 8. If from P, a ftyle FD, perpendicular to V, be 
raiſed, the equilibrium of the balance will be affected by it, except 
it be in an horizontal ſituation, the moment of the ſtyle being 

meaſured by its weight multiplied into the diſtance of its center 

of gravity from the line FH, perpendicular to the horizon. But 
the equilibrium is reſtored by continuing the ftyle to the other 
fide of F, fo that the moments on each fide” may be equal and 
oppotite. | 


324. Cor. 9. If the center of gravity of the balance, ſcales, and 
weights, be in the center of motion, F, an equilibrium obtains in 
every poſition of the balance; but if this center be above or be- 
low F, the balance cannot be quieſcent till the right line j joining 
F and this center be perpendicular to the horizon. The beſt po- 
fition therefore of the center of gravity is below F, and as little 
below it as poſſible, that the arcs deſcribed by it, during its vibra- 
fone, oy be ſmall and Toon deſcribed. I've Tonne of ſuſpenſion 

| ſhould 


© Theſe corollaries may be omitted till the n. upon the center of gravity be read. 
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ſhould be in the ſame right line with the center of motion, which 
ought accurately to biſect their diſtance (317). 


a a. gx * W4 F 
: | e 


325. Cor. 10. The arms of the balance ſhould be as long as 
can be uſed canteniently; becauſe the moment of a given body 
varies as its diſtance from the fulcrum, and, therefore, the greater 
the diſtance, the more diſtinguiſhable will be the moment ariſing 
from any ſmmall difference between P and V. And to diſtinguiſh 
very minute differences of weight, the friction upon the axis, in 
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the motion of the beam and ſecales, ought: to be as little as 
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326.1 WHEEL and axis or axit in „ Nibrsds are a 
22 


E cbine compoſed: of 'a' circular wheel, in "whoſe center 
1 olindrical axis is inſerted and fixed; and tbe wheel revolving by 
the action of a power P, the axis, thoſe extremities are Supported, re- 
volves with it, and the rope, to which a body W 1s appended, is tied to 


tbe axis and wrapped round it during its motion. 


327. Cor. It is evident that every point of the axis B, G, &c. 
deſcribes a circle round its correſponding center 5, 2, &c. in the 
time of a revolution of the wheel; and that any points of the 
wheel and axis, A and B deſcribe fimilar arcs of circles in the ſame 
time, and, conſequently, their velocities are as the peripheries or 
radii of the circle deſcribed by them. 


328. PROP. If the directions of P and W be perpendicular to the 
radii of the wheel and axis reſpectively, they are in equi 1 ori o when P: 
W:: radius of the axis: radius of the wheel, 


DEM. The ſame power is required to ſupport to whatever 
point of the axis it be applied, becauſe the diſtance from the cor- 
reſponding center of motion is the ſame, and the wheel and axis 
may be reduced to a bent lever, and conſequently there will be an 
equilibrium when P: V: : Vs diſtance from the center of mo- 
tion: P's diſtance :: radius of the axis: radius of the wheel (277). 


QE. D. 


e 
„ Keil's Phyſics, Le. X. Helſham, LeR. VII. Muſchenb. Ch. VIII. Sect. CCCCXLILL 
Emerſon, Prop. XXIV. We Tom. I. Sect, IV. 
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"This nb is 2 aer! a the following proves: 
ſince the directions of P and V are perpendicular to their re- | 
ſpective diſtances from their centers of motion, they are wholly 
efficient, and P's velocity is to Vs velocity as the periphery of the 
wheel to the 5 1 the axis, and conſequently, when there is 

an EIN, P: V:: periphery of the axis: periphery of the 


wheel :: radius of the axis: radius 15 the N (27a). e P. 


329. Cor. 1. If the thickneſs of the rope, to which Vis ap- 
pended, be not inconſiderable, it ought not to be neglected; for, 
when one or more ſpires of the ropes are folded about the axis, 
the diſtance of Vs direction from the center of motion is en- 
creaſed, being equal to the ſemidiameters of the axis and ropes; 
and there is an equilibrium when P: Vi: the diſtance of Vs 
direction from the center of motion: ſemidiameter of the wheel. 


330. Cor: 2. If P and 77 at in 1 che ſame plane, and in the FIG. 
directions PD, and WD, meeting in D, and be in equilibrio, they 7 
are equivalent to a third force, or preſſure upon the axis at 4, 
whoſe direction meets PD, and WD in D (216); and, producing 

PD, VD, theſe three toices are to each other, as the ſides D, 

DE, and diagonal DG, of the parallelogram EF; therefore P: 

V. : DF: DE, or drawing AN, AM, perpendicular to VD and 

F D reſpectively, P: W:: AN: AM (311). 


R. 1 | 5 * 
331. Cor. 3. The preſſure upon the axis at 4 Pr): P:: DG: 
DF :: fin. 4 DFG or PD: ſin. C FGD or AD Pr: : DG 
DE :: ſin. 4 DEG or PDF: ſin. 4. DGE or ADP; and P: :: 
ſin. AD: fin. ADP. When the angle PD is infinitely 
ſmall, or PD and FD are parallel, the perpendiculars AN, AM, 
axe to each other as AW; PA. 


8 | 332. PRor. 


4 
V %. 
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FI. 3857 PROP. Ina combination of wheels GH, FK, EL, whoſe axes 


Act. are QM, RN, BD, an orig obrains when P: Wi f * RO 
XAB: DG xCPx AB; - | 7 0 | 


—_ 


2 ri M. 8 W, be reſpeAinely in equlibio with P, 2 R; 
and P: A DG, (328) 11 | | 
act} Wi; {7 140 7 FC, | 

XN: .:: AB: AE, and, e iy l n D ROx AB 
:DGxFCx AE. Q. E. D. 


203435 Cor. 1. If the ratios of 2 D: DG, CR : CF, AB: AE be 
the ſame, and the number of wheels be 2, P: VW:: W: Doi and 
if this given ratio be that of 1: 7, P: V:: 1: F and P 2 ie 


— 


4. Cor. 2. If the peripheries 2M, RN, were to touch the peri- 
pheries FK, EL, and operate upon them by means of teeth made 
in each, this analogy would till obtain, and P would be to as 

the product of the ſemidiameters of the axes, to the product of 
FIG. the ſemidiameters of the wheels. As if X be a combination of 
Xx. wheels, and # be appended upon the axis F, and the power P 
act at P; P: V:: products of the ſemidiameters of the pinions 

B, D, F: product of the ſemidiameters of the wheels A, W a 


335. Cor. 3. Becauſe the amber of math 1 in the wheels ona 
Pinions are to each other as their peripheries, or radu, P: :: 

ſemidiameter of the axis to which is appended multiplied into 
the number of teeth in the pinions : the length of the lever where 
P acts multiplied into the number of teeth in the ſeveral wheels. 


336. Cor. 4. The number of revolutions of a pinion or wheel 
being inverſely as the time of one revolution, or inverſely as the 


e or number of teeth in it, the number of revolutions of 
e - 10 


. 


WHEEL AND AXIS 5 
the wheel where P acts, is to the number of revolutions, in the 


ſame time, of the axis to which is appended, as the product of 
the number of teeth in the wheels to the n . the nber 


of teeth in the pinions. 


337. Por. Fa wheel with teeth C D A revolve about C, and r1G. 
1050 the wheel 8 B A round with it, by the action of teeth B D, bd, Neill. 
Ec. upon B and b, whoſe curvature is futh that B, b, deſcribe the lines 
BD, bd, whit they deſcribe BA and b A reſpecti vely, the moments of 


theſe wheels are equal. 


DEM. Becauſe the ata B ad D come into * at A. 
at the ſame time, every part of BA is applied to AD, and is there- 
fore equal to it, and conſequently B and D move towards it with 
equal velocities; and therefore 1 if equal weights act at B and D 
perpendicular to SB, CD, they muſt be in equilibrio. QE. D. 


338. Cor. 1. If C D B be a bent lever whoſe fulcrum is at C, 
equal forces, acting at D and B in directions perpendicular to 
CD, SB, would keep the levers CD and & B in equilibrio. 


339. Cor. 2. Becauſe the point B moves over B D whilſt the 
arc BA rolls over DA, the figure of the tooth Bn D is an epicy- 
cloidal are; and the effect is the ſame whether B deſcribe the con- 

cave or convex ſide of Bn D, and conſequently whether the wheel 
CDA impel S BA by the action of the convex ſide of the tooth 
upon B; or S B A impel C DA round wich it * the action of B 
a9 the concave fide of the tooth BA D. | 


©, 


340. 8 3. 11 any ade of 6 an db and 
Aa, be inſerted in the periphery AD, at equal diſtances from 
each other, and teeth P, &, A, be inſerted in the other wheel 4B, 


at equal diſtances, - and 4 == Ad, and AAA. the teeth 
„ B, , A. 


FIG. 


XCV. 
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WHEEL 495 n — 


B, , A. will all act together with equal moments; for becauſe 
Ab = Bb, the velocities and conſequently moments of B and 3 
are equal, and they act together, becauſe þ is always found in 18 
and Bin Bn D. 


341. Cor. 4. The effect is the ſame when the epicycloidal teeth 
are upon the periphery of the wheel SBA; for, whilſt B and D 


move to 4, I deſcribes the epicycloid B „ D, and D deſcribes 


another epicycldid D m B, whoſe baſe is B A. 


SCHOLIUM. 


342. The teeth ſhould not act upon each other before they ar- 
rive at SC, joining their centers, and the machine is more or leſs 
complete according to the number of teeth acting together. The 
action of any tooth ſhould not ceaſe before that of the ſucceeding 


tooth begins. | [37A 


2 * 
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343. Dee. 4 pulley i is @ ſmall circular wheel, as mEn, revoly- 
ing about an axis paſſing through its center, by the action of a fower 
057 ch is applied to a rope fh #1 over te pulley, 


344. PROP. In 4 fingle fixed pulley, an equili brian obtains when the 
power P, is equal to the weight W. 


DBE M. When a rope is ſtretched and quieſcent, it is evident 
that the tenſion of every part 1s the ſame, otherwiſe motion would 
enſue; therefore the tenſion of Pa is equal to that of Vn and 


PU. QE. D. 
8s Ho- 


1 e Ch. VIII. Sect. CCCCXCIV. Varignon, Tom. 1. Sect. III. Keil's 


Phyſics, Lect. X. Helſham, Lect. VII. Hamilton's Principles of Mechanics, pag. 162. 
Emerſon, Prop. XXVII. Deſaguliers, pag. 99. 


P UL L E v. 


ein 3] we "F(t 4 | ö l 
ee ee '$CHoLIUM eee 
4. This e is ſometimes proved K 8 the 


pulley as a lever; for the moments of P and being the ſame to 


whatever parts of their directions they are applied, but, if ap- 
plied at and u, mE is a ſtraight lever whoſe center of motion, 


E, is in its biſection, and conſequently when there is an equili- 
brium PS (274). And the concluſion thus deduced is cer- 
tain] 7 Ye without any other demonſtration. 


346. Cor. 1. If the ſame rope paſs oyer any number of fixed 
pulleys, P is equal to V when there is an equilibrium, becauſe 
the tenſion of the rope is, in every part, the ſame. 


* 


247. Pror. If the _ W, be fu gained by a a P, ofplicd 
70 a rope paſſing over a moveable pulley E, P: Wi: 1: 2. 4 


DEM. Let the tenſion of the rope PA= n, and that of BC, 
and DF, is each equal to'm, and conſequently the tenſion of B 
is equal to 2m; therefore P: Wi: m: zm 1: 2. QE. D. 


348. Cor. ». If be ſupported by P, applied to a rope paſting 
over any number of moveable pulleys (n), P:W::1:2n; for the 
number of ropes ſupporting the weight is equal to 22, each ſup- 
ports an equal part of it, and the tenſion of the rope, to which 
P 1s applied, is equal to that of 0 one of them. 


349. Cor. 2. If V be 1 by P, applied to a rope paſſing 
over each pulley in two blocks, to the lower of which Wis ap- 
pended; P: M:: 1: number of ropes at the lower block. For all 
the ropes A, B, C, D, E, ſupport V, and each ſupports an equal 
part, becauſe their tenſion is the ſame, and the tenſion of each is 
equal to that of F to which P is applied. 


350. Cor. 


a3: 35 
FIG: 
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FIG. 
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R UN LE EU YS 
| 30, Cor 3. If a moveable pulley, L, be annexed to this ſyſtem, 
P will ſupport a weight, . to 2 x V; for the tenſions of the 
u 


ropes G and H are equa and they both nen 77 . 
which 1 is therefore equal to 2 * . | 


14 


3577 Cor: 4. It is e dat P mee no moment or dun- 
tity of motion by this diſtribution of the weight amongſt a num- 
ber of pulleys; for the velocity of P is to that of as the num< 
ber of ropes, ſupporting the weight, to unity. If V be elevated 

through any ſpace equal to 3, any point in each of the ropes 
ſupporting it, muſt move through a ſpace equal to s, and P 
conſequently through a ſpace equal" to eee into the num- 
ber of firings. | 


8 FIG. 352: PROP. If the body W be ſupported by the power P, in a ſyſtem 

| n compoſed of one fixed, and any number of moveable pulleys, each baving 
a ſeparate firing, P: W:: ; unity : that power of 2 whoſe index is the 
number of moveable pulleys. 


\ | Dxu. Let the tenſion of the ſtring, to which P is applied, be 
ual to m, and the tenſion of A and B is each equal to m; 
that of C and D is each equal to 2m; that of E and F is each 
equal to n; and that of GH to 8m; therefore P: W.: m: Gm 1 

; and, if the number of moveable pulleys be equal to u, it is 
evident that the tenſion of the ſtring ſupporting F 18 equal to the 
n term of the geometric ſeries 2 4, 8, &c. or to 7 20 and P: W: 


I; 2" 0 Q. E. D. 


— A 2 — oe oune > — 
_— — G a — — ew 
* — — — — 
2 


333. Cor. 1. PN and P, and if the number of 


moveable pulleys and P or Wx be given, the number of moveable 
pulleys, or 7, may be found, - 


354. Cor. 


UL L B V. 


254. Cor. 2. The parts of V, ſuſtained by the ſeveral move- 


able pulleys, &c. are to each other as a, 4, 8, 16, &c. 


358. Pxor. I the bech, W, be ſuſtained by the power, P, in @ 


Alem of pulleys where the rope paſſing over each pulley is immediately 


fixed to W, P: W:: unity: that power of two, diminifhed by unity, 


whoſe exponent ir rhe number e wann I WT. en- 
creaſed by . | 


DEM. Let the 1 of the rope, to which P is ; applied, 
be equal to , and it is evident that the tenſions of the ropes G, 
B, D, F, are equal to n, 2m, 4m, 8 n, reſpectively; but theſe ropes 
entirely ſupport V, and conſequently P: V:: : IT 2 T4 ＋8 
*:: 1: 15. If the number of ropes fixed to be equal to n, it 
is evident that P: :: 1: 1 „ e &c. continued to n 
terms :: 1: 2.— 1. . 


356. Cor. t. Px#=1 = and P= z and if any two 
of theſe magnitudes P, V, or u, be given, cha ali may be found. 


357. Cor. 2. m, 2m, 4 m, 8 , &c. expreſs the ratio of the parts 


of ee ane by G, B, D, F, &c. 


358. Cor. 3. If the rope, to which P is applied, inſtead of be- 
ing fixed to V paſs over a pulley to which is appended, P: 
2: M : Ami 1:43 for W 1s. ſuppo rted by the ropes E, &, F, whoſe 
tenſions, compared with wh to which P is applied, are reſpec- 
_ tively equal to m, a, n, and oe wh of TE, tenſions = 48. 


S CHO- 
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FIG. 
C. 
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' FIG. 339. When the directions of the ropes P A, 2B, to which two 
A. powers Land P are applied, and the direction in which W acts, 
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are parallel to each other, as is ſuppoſed in the preceding propo- 
ſitions, it is evident that V is exactly equal to P ＋ becauſe 
they juſt ſupport it, and their force is all effective, no part being 
loſt "by obliquity of direction. This alſo appears by conſidering BCA 
to be a lever, for (287) W: P N:: CB CA: AB, and con- 


ſequently PH N= and P = 2 2 . But if the direction 1 in 


which P acts be changed to ZA, A the pulley in D, mo- 
tion will enſue, parallel to the horizon, as P acts. partly i in that 
direction, and the quantity and direction of '2 muſt be changed 
to reſtore the equilibrium. It is evident that the pulley cannot be 
at reſt, till the horizontal parts of the, forces P and Q be equal to 
each other, and the parts contributing to the ſupport of V be each 


equal to £4 This is alſo obvious from (216); for the pulley BCA 


is acted upon by three forces, whoſe directions are not paral- 
lel, and is quieſcent; and theſe forces are therefore in the ſame 
plane, their directions meet in the ſame point D, and are conſe- 
quently equally inclined to the direction of W, or to the horizon- 


tal line — 


Y 


— 


FIG. a PROP. Jf W be ſupported by two powers P and Q whoſe di- 
CH. rections touch the pulley in A and B, W: Por Q:: fin. C contained 
l PA and QB: fin. of half 7 70 angle. 


De M. Becguſe the ene is acted upon by three forces P, 2, W, 
and kept at reſt, and their directions are perpendicular to the ſides 


of the triangle CBA, W. P:: BA: CA., and W: Q.: BA: CB; 
therefore W: P or Q:: fin. BCA or its ſupplement to two 


2 5 B DA: ſin. 4 B DC (equal to the 4 CBA or CAB). 
361. Cor. 


P UL L E . * 
364. Cor. 1. Becauſe p: :: CA: BA 4 Wi: CB: BA; 
iherefore P +2: W e. 24. | PLES 


* | «+.%1] | 


362. Cor. 2. If AB be an are of 60 degrees, or the angle ADB 
be equal to 120 degrees, AB 1s equal to AC or CB, and con” 
_ quently P or 2 | 


363. Cor. 3. Becauſe * W:: AC: AB, P ge If 
therefore the arc AB vaniſh, or the angle ADB be equal to 180?, 


Pe — or P is infinitely great compared with V. As the 
arc AB encreaſes to a ſemicircle, P decreaſes and becomes the leaſt 
flible when it is a ſemicircle, becauſe the chord AB is then the 
greateſt poſſible. In this caſe PA and QB are parallel to each 
other and to CD, and = P + 2, becauſe AB= =AC+CB, 


and conſequently P = = x 7 x = 2. As the arc BA encreaſes 


beyond the ſemicircle, P encreaſes and becomes infinite when it 
18 . to the per! iphery. 8 


364. Cor. 4. If P be finite, W is either finite or evaneſcent ; 
for W = PxAB 


AC 
is finite. 


== o, when AB vaniſhes, and is finite when AB 


36 8 paer If W be ſu ais by P in a fotem of enen pulleys FIG. 
v, y, x, cach of which has a ſeparate rope, and the angles contained by Cllli. 
the directions of the ropes be FSE, DTC, BRA; * P;: EF x DC 
* We Tos irs 


— 


T DEM. 


r 
WESC LAY 
7, FF RNS 


446 UL L B FV. | 
Dex. Let VR, P repreſent the tenſions of the firings vn, 
R, PG . 0 tle and 3600 W: T:: BF:vB © 
ene 
R: P:: AB: x 4; and conſequently: 
W: Fünen Wen 


9 0 
QB. Dp. Mis b 


a = 
* n 
— * oy * 
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366. Cor. 1. If the pulleys and the angles FSE, DTC, BRA be 
equal, W: P:: EF: vE3; and, if the number of moveable pulleys 
be equal to u, V: P:: EF": vg". 


367. Cor. 2. If the directions of the ropes become parallel, N: 
P:: 2 EV x 27 * 2 XA: Eu x CY Ax, and, when the pulleys 
are equal, V: Pr ax a 2 13 or as that power of two, whoſe 

exponent ĩs the number of moveable pulleys, to unity, which coin- 
cides with (352). F 8 


| * Cor. 3. If the tenſion of the rope PG, to which P is ap- 


plied, be equal to m, R == 25 Ta . - 7 W= 


mx AB x CD x EP 
AxxCyx Ev 
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- — 7 4 
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SCHOLTIUM. 


369. The concluſions, derived from conſidering the tenfions of 
the ſeveral ropes in any ſyſtem of pulleys, may alſo be inveſtigated 
by ſuppoſing the moments of P and to be equal, the velocities 
involved in theſe moments being reduced to oppoſite directions. 
I. In fig. 99. the ropes being all parallel to the direction in 
which W 2055 the velocities of P and W are in oppolite directions 
and entirely efficient; and, when an equilibrium obtains, the pro- 
duct of P and its velocity is equal to the product of and its 


velocity: for let LI Mm = Nu = O = v, and if the point L 
* | | be 


— 
— — —— 
— — — = 

4 —— 


8 CI 2 — ©. - - = > © > - 
— 7 2 
— — —— - — A 4 — — 
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PU LL E V. 


| * elevated to J 8 a ſpace equal to v, che pulley E F will 
deſcend through a ſpace equal to v, and any point of the rope E 
through a ſpace equal to 2 v, and, when the point M is elevated to 


m, through 3 v; therefore the pulley BA will deſcend through a2 
ſpace equal to 3 v, and when the ropes 4 and B are ſtretched, 4 


147 


muſt deſcend through a ſpace equal to bv, and when the point 


N is elevated to z, through 7 v, &c.; conſequently the velocities 
of and the ſeveral ſtrings E, C, A, P, are reſpectively as v, 3 v, 
7 v, 159, and when an equilibrium obtains P: V.:: 1:15. 2. In 
fig. 98. let Waſcend through a ſpace equal to v, and the ropes F, E, A 
will evidently be elevated through ſpaces equal to 2 v, 4 v, 8 v, re- 

ſpectively, and if the number of moveable pulleys be equal to n, it 
is clear that the velocity of P: velocity of Mi: 2* x v:v:: 2": 1, and 
when there is an equilibrium P and 'F are inverſely as their ve- 
locities, or as 1:2", 3. If the ropes, ſuſtaining the pulleys be 
not parallel to each other; let EF be a pulley ſuſtained by two 
powers E and F, whoſe directions meet in S; and if be raiſed 
through a very ſmall ſpace equal to SY; E and F, acting parallel 
to ES and FS, will deſcribe the ſpaces SE and SF reſpectively, 
and the velocities of V, E, F, are to each other as SY, SE, SF. 
Reſolve SF and SE, each into two, Sn, F, and Sn, mE, of 
which F and E being equal and oppoſite deſtroy each other, 
and the remainders are wholly efficient; therefore, in an equili- 
brium, E+ F S I, but E E FFxXSP:E+Fx Sn 


(or WW x SP) SP: "og FY: Fm, a 4 « SF (Ex SE): ; 


XS: wall Fm::FV: FE, or the power or tenſion at E is to 


the moment of Was EV: FE, which coincides with what is 
proved in (360) ., in a i 
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PLATE 
XIII. 
FIG. 


ie plane, and B C upon the horizontal Plane, from-the ſame point B of their | 


action of the plane, acting ref 
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370. DEF. 4 plane ſurface inclined, in. any . to an Cpt? ö 
plane, is called an inclined plane. BA be drawn upon the inclined. 


common intenſection, perpendicular fo it, the angle ABC 1s the angle, 
of elevation or inclination; and if PW. be the direction of 5 the. . 
the angle PWA is called the angle of traction. 


371. PROP. Fa body, whoſe weight is W, be juſt» ſupported upon 
the inclined plane AB by a power P, acting in the direction PW; P: 
W:: PW: PC (ſuppoſing PC to be perpendi ular to the bart aces! line 
8): : fin. C inclination ABC: of 4 AWP. ä if, 


Du. The weight V, acting in the direction · L or PC per- 
pendicular to the horizon, is ſupported by. the power N, and re- 
pectively in the directions PF, and 
WC perpendicular to the plane; and conſequently. P, V, and 
preſſure upon the plane, are to each other reſpectively as the ſides 
PW, PC and WC of the triangles PMC. (196), and : V:: PH 

: PC :: fin. PCM or ABC: fin. PVC or col. A 


QE. D. 


Another demonſtration: 


Let V, repreſenting the weight of V, or its tendency to de- 
ſcend in a direction perpendicular to the horizon, be reſolved into 
two, one S Z perpendicular to the plane, and the other FS pa- 
rallel to it. V repreſents the tendency of to deſcend upon 
the plane, and, taking x = FS, and drawing x E perpendicu- 
lar to the plane, any force WD, VE, &c. drawn from and ter- 
minated * x E, will be in equilibria —_ s becauſe the only effi- 

cient 


NC LINE PLANE; 


cient: part of VE, ee from reſolution, is equal and 21 
Modes rad. WSxrad. 


cher 4CB: . gn 22 


. 


372. Cor. 1 The 0 5 We | afling f in + parka aireBions; is 
required to ſupport” the - ſame: weight upon every part of the 
plane; becauſe the angle of traction is the ſame, and BY = 


W x fin. E inclin. 
col. Z of traction 


which is a given quantity. 


＋ * f — 7 * © 0 s e 
* . — EF i Fa — - 7 % £ - W * 7 » 
K 15 12 77 i a? 3 


37 8 — 2. Becauſe P= = ” « in-of £ nol. 1 if 4 and the 
plane be given, P'is the leaſt polſible when the · coſine of the an- 
gle AVP is the greateſt poſſible; or when PM is parallel to the 
plane: as the angle PVA encreaſes from hence, its coſine de- 

creaſes, and conſequentiy P encreaſes, and becomes equal to ,. 

when PV is perpendicular to the honzon, and infinitely n. 
than when PI eden with HG or * 5 


"4 
l 


374. Cor. 3. When PW is parallel 6 to the YT P: 2 : fin. 4 
of inclin. : radius :: AC: AB; when it is parallel to the baſe, : 
i: fin. C of inclin, : fin. BAC (this angle being the complement 
of the angle of traction): 4 C: BC. 


375. Cor. 4. If AB be 
angle PMA o, P; for the col. of 4 PF A = fin. of go 


= ſin. of Z of inclination. If, in this ſuppoſition, P be parallel. 
to the horizon, P is 1 for coſ. of C of traction 0. 


: 376. Cor. 5. Let Pr repreſent the preſſure upon the plane, ang 
En: Iii :: fin. CHC: ſin. 4 Pd or cok, C of traction, and Pr = 
, | WW X 


g 


pre. 


= 


perpendicular to 1 Horizon, a the 
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377. Cor. 6. Let CI be ren en to P's direction, and the 
ſides of the triangle CIB, CI, CB, and 1B, are reſpectively per- 
pendicular to the directions of P, V, and preſſure upon the 

«ff plane, and * P, V, and Pr, are ä as CI, Gl 
| and 7B. | | | 


£ 


tf | ? $1 * 


358. Cor. 7. If WCP were an angular balance revolving upon 
the fulcrum C, and acted upon by two forces in the directions 
PW and VI, an equilibrium would obtain between them when 
P: inverſely as the perpendiculars let fall from C upon their 
directions, or P: V:: Cl: CK (272); but Ch 4 9 e *. 
or n an. ck er W 1.0 e Kn eth en | 


725 


„ 
a * 
: wt ( „ 3 


FIG. 379. Cor. 8. 11 and 2 be } in e quilibrio, their bp 

ovI. velocities are to each other e as their magnitudes ; for let 
W deſcend through an infinitely ſmall ſpace VA, and its perpen- 
dicular deſcent is V2, and P's perpendicular aſcent is equal to the 
difference between, PA and Pl, or An, if Em be perpendicular 
to PA. Draw FD" perpendicular to PA, and DZ to FA, and 
Am: mr.: P's velocity: W's velocity :: An : DZ:: : AF: DF 
(ſim. triangles) :: Y: P (377). | 


Ie. , PROP, i tuen bodies W. and V, laced upon. the. inclined 
CV1II, ale AB, AD, [ot art each other by means of a rope paſſing. over 
the pulley P, V: V W :: cof. 4 AVP x fin. C ABC: cg. L PWA x ſin, 


ADC. 


Dau. The tenſion of the rope J P is every where le ſame, 
or the ſame power, P, is required to * and V, but 
, P: 


INCUINED. PLANE. 


P: : : ſin. . ABO: col. Z. PVA; and N Pls . 
V: P:: coſ. E AP: ſin. ADC; therefore 
V: Nu ſin. Z ABO x coſ. Z. AVP: coſ. L PVA x fin. 2 De: 


UB Bo. TT 


_ 


ee 25 dA. 1232090 bs 
vl AD: 4B. 5 


381. Cor. 1. "If PV and PW be ie to e and 4B. re- 


This EEE Le is alſo derived — che pe 338 the 


coſines of the angles F and PNA n AD mg AB. 


"a 


—_ — 


382, Cor. 2. If PV and PW be rale to the baſes of the 
planes, P: V:: AC: BC, 5 5 
J: P:: De: and 
I: :: DG: BC. 
This alſo follows from the general expreſſion, the complements of 
the 45 AVP and AYP, being, in his eee, aner 
equal to DAC and BA. 


S 5 
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383. De P. A wedge is @ hard body, generally of a Hidighlae ori 
matic figure as AF, which ts generated by the motion of the triangle 
AE D upon the right line E F always perpendicular to its plane. 


If AED be an iſoſceles triangle, it is called an ifoſceles wedge, 
if ſcalene, a ſealene wedge. 4 BCD is the back of the wedge, 
upon which a force is impreſſed uſually by percuſſion ; and 
ABFE, DE FC, are the ſides of the wedge, 275 which the re- 
ſiſtances of wood; &c. act and counterpoiſe the force of enen 
The angle 4E D is the vertical angle of tlie wedge.” * 
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1 
1 "I © 


384. PROP. If tuo 1 refiftances, acting in equal angles 707 the 


Jedes of an * wedge ABV, be in equilibrio with a power, P, act- 
ng 
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FIG. ing in à direction perpendicular to the back; P is to the refitances, a: 


. tze reflangle of the fines, of half the vertical angle gf the wedge and. — 


| e of the rofiftance 4 70 be Ades, to the 5 of the ee 


. * * 
: jp 


DEM. Let the directions and quantities of the reſiſtances be 
D and C4; reſolve each into two, DE and ze; in the directions 
of the ſides, and CE, Ce, perpendicular to them, and DE, de, are 
loſt by their obliquity. Reſolve EC, e C into two forces, E F e F, 
parallel to the baſe, and FC, FC perpendicular to it; EF, ef, be- 
ing equal and oppoſite, deſtroy each other, and the forces 2 FC, 
being exactly oppoſite to, and in equilibrio with P, are equal to 
it. But FC: EC:: fin. 4 FEC or 4 BYC: rad. 

EC: DC:: ſin. EDC; rad.; and 
ex æquo FC: DC:: ſin. BC x ſin. 4 EDC: rad.'*:: 2 or P: 20 
or reſiſtances. N D. 


38 5. Cor. 1. If the refiſtances be perpen adicoier to thi fides, the 
fine of the angle ADC becomes the radius; and conſequently P; : 
reſiſtances :: fin. £ CF A: radius : : AC: AV:: AB: AV + BY. | 


386. Cor. 2. If the reſiſtances be perpendicular to the axis, 
P: reſiſt. :: BC x CV: BY*; and, when the angle 47 B is equal 
to two right angles, P: reſiſt. :: BCx o: BC: :0:BC, or P is 
infinitely leſs than the reſiſtances. e eee 


387. Cor. 3. When the reſiſtances are perpendicular to the 
N AB, the angle EDC = C, and P: reſiſt.:: fin.* Z BVC: 
2 :: BC: BJ. If the angle BVA be equal to two right an- 
jus BC= BY, and P = reſiſtances; and if the angle BY A be 
diminiſhed without limit, the refiſtances are encreaſed without | 
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368. Cor: 4. If P be the ſame in the two 1 cor. . 
and 23 ERR. oe enn enen deg e Fus 29076 


* 4 22 * N oy 8 "wa J = 2 4 
21 VRönk 91 Le. ew aria ps, 


* * [7 If the celiitinas be given inc cor. 2, Pi is. the. | 
. 3 when the Fe" BY A is a RO wy, A 2 
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390. | Cor: 6: If the quantities of aha reſiſtances be Ken "oy 
their directions be variable; P is the greateſt poſſible in the com- 
mon ſuppoſition of cor. 1.; for it varies as the ſine of the angle 
EDC, wich is the 1 : when that angle? is ncht. 467 red 
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$CHOLIUM. 


91. The relation, ſubſiſting between the Sale * Wanders 
in hs wedge, has been traced through various proceſſes and modes 
of reaſoning, by different philoſophical writers“; and different, and 
frequently: contradictory, concluſions have been deduced from dif- 
ferent demonſtrations, ſome of which muſt conſequently be erro- 
neous. As in all equilibria of forces, they muſt either obliquely, 
or directly, oppoſe each other, and their intenſities, eſtimated in 

poſite directions, muſt be equal; one ſource of error hath re- 
ſulted from a miſapplication of this equality of moments, which 
is univerſally true and will never lead to falſe concluſions, if the 
velocities be reduced to oppoſite dueRions,! and the. efficient: parts 
only of the moments be ſuppoſed equal. 1. Let two equal reſiſt- 
ances R and r act perpendicularly upon the ſides of an iſoſceles 
wedge ABD, and be in equilibrio with a power P acting perpen- x16, 
dicularly upon the baſe AB; and taking D d, the continuation, of CXx1- 
PD, very ſmall, and drawing 4 E, % parallel, and DE, De, per- 
pendicular, to the ſides, the velocities of P, R, , are to each 
other as Dd, DE, De reſpectively, theſe being deſcribed by them 
in the * time. N DE, Dy into. ad EL and eL pa- 
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7 '. Robault Not. 4 2, + Maclaurin' Ong Chap. in. Art. 21. " Graves, Led. I. & X. | 
5 r Emerſon, Prop. 30. Muſchenbroek, Sect. CCCCLxIII. and aaa 
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ralleb td-theobriley; phe tad gem atit!-dppdiite: dv ech 
other, and DL Append e baſe which being op 
poſite to P's direction, are wholly efficient; and becauſe there is 


9 70K rium r LO Sent but J <K5 
Fr x DE :: 2748 . AA BAD 
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When R and 7 mY in any other: n the relation of their 
moments to that of Eis diſeoverable by, a ſimilar procels, If they 


be parallel fo tha baſe, draw Mam parallel ig their direction, and the 
velocities: of 5, „Nandi e, are teſpectivoly as D d, DM and der; and 


reſolving DM. dn into two BH, de perpendicular, and ME, me pa 


rallel, to the fen, the laſt not being oppoſed to the ſides are quite | 
inefficient; and repeating the proceſs above R+r x DL = P x Dd; 


and Px Dd: RH: 4Þ 4D © 

rx a0 4 „RF x D,, DE! ©DM :1-P.D-: 4 | 
art Px Dd RA DM: AP * PD,) Which is che lime 
* (386). 38118) 23141 e 4 
aacketent analogy is inveſtigated By Rowning, From! the fame 
eri Viz. the! | meg ** os f ff AP: PD: ID 3 


ihne 71 : 


2. Anoaider forts of error is an jnogbopds aloof this piforiibie 
that if three forees act upon a body, which remains at reſt, __ 
are to each other as the han ſides of a triangle, reſpeRively pa- 
rallel or perpendicular te their direckions;“ Which certainly is un- 
true; if any parts of them be inefficient; and loſt by 6bliquity of 
direction; for che force PG will have exactly the ſams effect upom 


the ſides of the wedge AD with FH FI, or the perpendicular FL; 


ſuppoſing G L to be parallel to AD, and of che parts, reſulting 
from a reſolution of each into two forces, one perpendicular to, 
and the other coincident with, the ſides, theſe laſt, Fx, &c. are 
loſt When the ' wedge does not fill the deft; and the refiſt= 
ances att perpendicularly upon its ſides; Matfaurin and Vatignon 


have applied the above principle and detfuced different conclu- 


fions;: both of which cannot be true. Dr. Hamilton, Graveſands, 
Deſaguliers, Emerſon, Muſchenbroek aſſert, that t 


the power 1s to 
the e as, half the W 15 110 the heig Kal, ben 


and 


1 86 


and \Nichalſon, aaſſign his catio:to:be that af the hale back to 
the heicht. Bhe firſt analogy. goigicides withothis; general theo- 
rem, ( that the pawer1is, tothe — when in £quilibrig; as 
a:line drawn from the hiſectiam af the chaſe to ane dide, parallel 
to the reſiſtance upon that ſide, tothe height af the wedge; an 
this theorem is preſumed to be erroneous for the ann reaſons. 


1. If the directions of :the :roſiſtances be pamllet Genie f 


54 * 4 


their ſum is equal tothe power, according tothe / theorem, which 


cannot be true; becauſe the power acting perpendicularly is Mholly 
—— but part of the reſiſtance is loſt by obliquity of direction. 


2. If the vertical angle of the wedge be diminiſhed without 
limit, 1a1line drawn, from the hiſection of che baſe. toa dude, rpa- 


rallel to the reſiſtance, acceties:toiequalit 3 when 


the direction of the reſiſtance is pedale to the hei dr e. the 
power and reſiſtance become equal, according to the th eorem; 
but, the power continuing the ſame, the directions of the reſiſt- 
ances accede to a paralleliſm with, Weide. and they becameauhally 


inefficient. 


. When the creliſtances. aft perpendicularlyato..the axis, and 
the vertical angle of the wedge -accedes to two right angles; ac- 


cording to the theorem, the ratio of the power to the reſiſtances 
enereaſes Without limit, -which-carmot be true, becauſe the ineffi- 
ciency of the reſiftances evidently encreaſes without limit, and 


conſequently the ratio of the reſiſtances to the power 1 


viehout,himig hieb. is Air ex h relle. of the theorem... dan 


* 4. Uf the\porenbe-rhe: amel in the-two-caſes-where the-diree 
tions of the reſiſtances are perpentlicular, to, the;hdes.and;axis, of 


the wedge, the reſiſtances are, according to the theorem, as the ſide 
and height of the wedge. reſpeRively ; or. greater reliſtances are 


r:guired''to fuſtain,a,given,pawer, Nhen their directions, age, per- 
pendicalar:toithe ſides, and therefore entirely efficient, than when 


they are Oblique And d"conleg ech get Ache Wach bern. 
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XII. ſides, P:E + F as a line PE drawn from the biſection of the baſe P to one fide, parallel to | 
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EDE. 
5 1 is preſumed, for theſe reaſons, that the analogy, Atte from 
- the theorem; and conſequently the theorem' itſelf; cannot be gene- 
rally true; and were theſe reaſons leſs deciſive, it would not be 
difficult to point out the ſeveral arts: in 1 eee 
| en me gan Renee 7. EO. | 
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WV 


4 4 
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Fn, and Prop. If the power and refſtancer P. R, and r, aft perpen- 
1  dicularly uport the back: and fides of a ſcalene wedge ABD, and be 1 in 
wall F. R+ rt 5 back 7 the weage: Jum ox 118 1225 F 


. Ds M. 


2 


een If a power P, ading e upon the back of an iſoſceles wedge 
FIC. .4BC, be in equilibrio with the equal reſiſtances E and F, acting perpendicularly upon its 


the reſiſtance upon it, to the height of ay wedge 5 


| n A BOY of the baſe P, and PF = PF, 
Birr compleating the „ P:E+F:: PN: PET de PH: PFE: : 


PE: PB. 


Cor. If FN be the force of P, PE and PF will repreſent the force with which * 
trudes the reſiſtances in directions e. to che ſides. WA 


£ 8 


; THEOREM 1. 1 the diredions of the aden ede be any oe lines PD, PO, * 
Tn to the 2 5 the power Is to > the reſiſtances ETF) as F to PB... | 


DEM. Reſolve PE 05 PF into two, PG and PX i in the direftons of pb and PO, and 
GE, FX perpendicular to them; and theſe laſt forces, acting perpendicularly to the reſiſt · 
ances, are loſt, If PN be the force of P, PE and PF are its force perpendicular to the 
des, and PG + PX the force in equilibrio with the reſiſtances; therefore P: ZA: : PN 
: PG+PK:: PH: PG::PD:PB, becauſe P E = PG x PD = PH x PB, and con- 
. ent heath 2 D. PE. UB SIT: | INTE? 


In this demonſiustion, ZG and Fx, being Hnclined-10 the fides of the Skin are not in- 
Ae and, not being oppoſite, they do not deſtroy each. other, and confequently ought. 
not to be neglected. And, beſides, if the power eſtimated in the direſtions of PD and PO 
be equal to PG PER, theſe will be equal to the power eſtimated in the direction F., or 
equal to PN, Reſolve PG and PX into two, G, OL, perpendicular to the axis, which 

| being equal and oppoſite, deſtroy each other, and PL and PL are the only remaining parts 
of the force, and theſe are never equal to PV, unleſs PD and PE coincide, Hamilton on the 
| Principles of Michanics.. 


S GR E W. 


- De. Becauſe the power and reſiſtances act perpendicularly 
upon the back and ſides, they are wholly efficient, their directions 


are in the ſame plane, meet in the ſame point (216), and their 


magnitudes are to each other as the three ſides of a triangle 
parallel, or perpendicular, to their directions; 3 therefore of R + * 


AB: AD DB. . n 


393 Cor. If PM, RE, joys be the relative. 1 of 8 * 
in equilibrio, and lines be drawn through 24, E, and e, parallel to 
the ſides of the wedge reſpectively, any forces, whoſe magnitudes are 
PL, RF, »f, drawn from P, R and r, terminated by the lines drawn 
parallel to the ſides, will be in equilibrio; for their perpendicular 
and only efficient parts Aer RE and re are in en | Ti 


e oi. oe 


— 2a Dr. If a right bar Hivided into equal parts AC, CE, EG; 
Ge. repreſenting equal inclined planes, be ſo wrapped round the convex 
and concave ſurfaces of two cylinders with equal baſes, that AB, CD, 
EF, &c. the horizontal baſes of the planes, may be bent into the peri- 
pberies of circles parallel and equal to the baſes of the cylinders; ena al 
 fpirals will be formed upon their ſurfates, whoſe lengths are AC, EE, 
E G, Sc. and Glace CB, ED, FG, Sc. tbe perpendicular heigbis 
of the Planer. The convex cylinder is inſerted in the concave, and ſo 
adapted to it that the ſpirals protuberant upon one cylinder may exacty 
fill the excavated ſpiral or groove upon the other : the firſt is called the. 


external, and the ſecond. the internal, feren ws * 


+ 
* 


Another definition : 3 


If a exlinder move uniformly abiut it axis, 1 a* Point moves 
uniformly upon its ſurface in a right line parallel to the axis, the line, 
deſeribed by this componnd motion, is a ſpiral, which, being raiſed upen 
the external ſurface of the cylinder, forms the external ſcrew; and @- 
| Anil ical &roowe ding: ca * * internal aber of. MW 

wy inder, 


Maclaurin, Chap, III, XXIL- Leif Phyſics, Lad K Ka a. Now 249. 
fond Mechanics, Prop. 29. 


157 
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FIG. 
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FIG. 
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8 R . 
linder, of the:ſame diameter, to \Feceiue: the protuberant, ſpiral, forms irbe 


internal ore. Father of theſe ſcrews is fixed, and che ather is moue- 
ene en un * n en Wandel 


db 


393. Proe. "There | is an 2 W its iow, "Whew th 
power, P, is to the weight, W. or refiftances ucting parallel to the axis, 
as the diſlance between two —__ EY ral; 's fo _ A 15 the 
eirele e . 


ng. Alt is device that V. ating upon either of the ferews, 
in a. direction parallel to itscaxis, will xquilly preſs every point af 
the ſpirals of the other in contattavithlit, in directions: perpendi- 
cular to their baſes. If ABD be the baſe of one firal, , p, the 
magnitude of a power acting at B perpendicular to BC, and in 
equilibrio with the prefſure pr, upon one point of the ſpiral, P a 


poter acting at F perpendicularly to. HC, and in equilibrio with 


por5˙En; (37400 147.5 :\diftance between two contiguous ſpi- 
rals (4): AD; PI; RO: P ABD: periphar) af. the. circle 
deſeribed: hy the power, therefore Y bu periphery of this cir- 
cle, and. the ſum of all the P“, or. P is to the ſum of all the rs, 
or in: the ſame ratio, e ir 65 eee en 
eee Ae 4 £19: We 


| Another gemonſraion rom-def. a. vt wh and ns os Rs 
| Whilſt B or P makes one revolution, Wi is | elavared PLE a 
ſpace equal to d, therefore the velocity of P is to the velocity of 
, as the periphery of the circle deſcribed hy P to the — 
between two contiguous ſpirals, and conſequently when there is 
an equilibrium, P: V:: diſt. between two. Firals : : to he Peri- 


Penn deſeribed W F. „ D. 


: 4 


©, 
. 


3902 Sor 1. f. the direction of 'W winelinc! to ede and 
P do not act in the plane of the baſe, but in any other HON, 
the ratio of ? to may be!fount by art. 371. 

397. Ger. 


s CORE W 9 veg 


39 97. Cor. 2. The preſſure ſuſtained by any 1 of the ſpirals 
is to the part of #/ incumbent upon it, as Om length of a ſpiral 
to its baſe ABD.. # + BUR. & Wh: By 


398. Cori3 In ah endleſo or perpetual 


two contiguous ſpirals, and in equilibrio with a body V, ſuſpended XIV. 

from the axis BF; P:: NAU NEF: diamater of the wheel & 
periphery of a circle whoſe radius is HG; fon i N be the reſiſtance 
of a tooth to a ſpiral of the ſcrew, P: R:: AB: per. of the circle 
deſcribed by P, R: V:: EF: diameter of the wheel; therefore 
P: Mi: AB x N; per. of the circle deſcribe by P x diameter of 
the wheel. 


SCHOLIUM:.. THEE He” 

| The ſecond demonſtration: of this dcp, bey 
domes: unfatisfa@ory, ' becauſe the wires P and are not 
reduced to oppoſne directions; but the ratio of P to may be 
inveſtigated by finding the oppoſite and efficient parts of a power 
ſuſtaining a body upon an inclined plane and combining it wich 
the power of the — Let V bs am inelined plane, or ſpiral ric, 
of the ſcrew; M à weight acting perpendicularly to the horizon XVI. 
WWE, and ſupported by a power P, acting; parallel to VB; and if 
ke elevated through a-very ſmall ſpace wy; or perpendicular 
height Hu, it is evident that P, acting parallel to YE, will de- 
ſeend through a: ſpace equal to E — we or MH; and conſe- 
quently the velocities of V and P, eſtimated in oppolite drevtions, 
are as Hu to H, or as the height of the plane to its baſe, and 
when an equilibrium obtains, P:  :: height of the plane: its FIS. 
baſe or ABD. But, from the nature of the lover; a power act. 
ing at the diſtance PC, muſt be diminiſnied in the ratio of BCO: 
YO, or of the e en 4BD nee r N 
e e ji FFF — 1 3 
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CHAP. 


ſtrew, ating upon a TRY 
wheel, the diſtance of whoſe teeth is equal to AB, the diſtance of FIG. 


> OE A IP 
— — * 3 
= | >— 
Rn ——— 
—— 


* 2 2 I 
—_ ag —— DO — 4 K 
Fu © , 


* . 
2 
. 4 1 de - 
4 8 1 = 5 1 2 * a 
6.4 — — — — a — N — — N — — 4 — DS — "PER — — ——— —— — — — GPU — — mY — 
2 ya —— — — — — — — - — _ — — => by — > 
a K . , - —Cv_——FE — — EE — —— — 22 —— — ys ——— — < — 
— — — === — — — — — : — — _ ow — — — 
Sy — + - 7 I = —— — — . = — — — 72 — — — — oy _ — 1 
mw — 7 I by — — — — — 
— — — — 4 2 — FRY — — * — _ w_ - oy We 
p 2 1 3 — * * — — 
- * n 
s - 
- . 
* ES 
* o o 


. — 
San — 
2 


—U—äẽʒ́ —ʒ—ʒ— — 
3 r 
- 


— 
7 = * 
n — — — 
. 


— 
* —— 


a . — LO OX — 


> * — 5 — a = 
A = by . o - - — . - == 
— = \ II = - + . _— + 4 . oy S \ = - 
- 8 - - = —_— — 5 = —— p * E o A = © 
== r 2 - 8 — > — — ASS. 2 — — — = — 0 - : ” 3 —_ OY > 
* — Th aY Sf I = 2 — _ — 1 n o 
— ——_— l * 4 = — — ———— — * — 2 — TT bo N R 
— * — * 2 * — 4 - — < 2 = 8 Ne — — —— EY > - - 
CO — => is — . 2 K — 2 K — — — Y — 8 = 4 — — . - — W — — — —_— l _ \ 
= = — — * — E = — þ — ; 22 — — p — — * — as — —— = — — = . - \ 
— — = — — — — — — - — — - —— Fe — — © 5 2 — 4 l . * l ” T 2 * — . ; — — e = —_— . 2 
”"_ — . — —— — — —— _ * 2 — MW — r — „ K : — — 4 —— — RS 
: — — — — — — 2 ——— — 32 7 BN8—ᷓ— nes — * 2 — 8 i 
— £ Y . 2 2 — — . — — * JT - 
— 9 . ” . — : P — = ” Y — — EE 
* 0 7 — , y - 
— — = - - a 4 
* 1 f a by; . 
. PL 


— — — 
— 


= — 


— 


<I> coun nes — — — 
— 

* , 

11 e © tat. "4 
po — 
bY 
0 
we — } 


160 


* . 9 * 4 


PLATE 


XIV. 


FIG. 


— 


- # . 
l — 
A Y 
F | *: 4 
. | * 1. 1 8 Y . — 
* 
* 8 .. — * * 
WY 

J i # * aw 4 y 4 : 4 F p & "% 0 
ot o + . 33 N 4 »* y ? C of 4 1 * + wa 6 


l 


411 
# #4 # - 


400. Dr. Ti ener of peng of # boy r item of bedierie' | 
* about which ah Fr e in 
eguilibrio. | 


401. PROP. To find the center of gravity of a body. 


Let 4, B, C, D, &c. be particles of the body, and finding the 
centers of equilibrium p and , of A and B, C and D reſpectively 


Cxvii. (274); let A + B be placed in p, and C+ D in q, and their cen- 


ter of equilibrium, G, will be the center of gravity of the particles 


A,B, C. D, &c. Becauſe the force of gravity acts upon the parti- 
cles in parallel directions, the efficacy of A to communicate motion 


to G is Ax AG, and that of Bis B x BG (279) or Ax Ap ＋ 


and B x BGT G, which are equivalent to them (18 1), or AB 


x G, ſince Ax Ap and Bx Bp are equal and oppoſite, and con- 
ſequently deſtroy each other. The ſum of the moments of C 
and D is, found, by a ſimilar proceſs, to be the ſame as if they 
were placed in ; and conſequently G, which is the center of gra- 
vity of A+B and C D, placed in p and 9 reſpectively, is the 


12 of gravity of A. B, C, D, placed at the points A, B, C, D, 


QE. D. 


* Gon, * FF particles of the body cannot be in equilibrio 
about any other point except G; for, if poſſible, let X be ſuch a 
Point, and it is proved, as before, that the efforts of A and B to 


move X AT BN YK, and of C and D CDN AZ. there- 


fore the * X is kept in inen by two forces, A+B x PA 


and 


£ 
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. 8 2. "nk. every en of the. as Sanna of 0 


particles A, B, C, D, &c. if the point & be ſupported, the body 
will be at reſt; for the force of gravity acting always in parallel 
directions upon the particles, their moments, or efforts to move G, 

will always be as 4x AG, B « BG, &c. which by the proceſs uſed 
in this propoſition, will e be og you two. forces that are 


equal-and PRI, ww 
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404. Cor. 3. 1 4 BA Cf b. Ke. be e qual to 2, 1 the 


Steffure of each in parallel directions be equal to g, a force as 2 x 9, 
acting at the point G, in a direction oppoſite to that in which the 
particles preſs, will remove their preſſure. Or if A, B, C, &c. be 
deſtitute of gravity, and only reſiſt the action of a force by their 
inertia, a foree P acting at G will communicate equal velocities to 
every particle; becauſe their reſiſtances, being exerted in directions 


oppoſite to that of P (3d law of motion) and therefore parallel to 


each other, vary as their diſtance from G, and conſequently the 
ſums of the reſiſtances on each fide of G are equal. And v. v, if 
9 be moving and without gravity, a force applied, at & (the center 
of inertia) . to the moment of VS will N all motion. 


u ee S $CWOLIUM. 

40 [If The particles which compoſe a body, being Sandee t to- 
gether by the force of coheſion, every line of particles may be 
conſidered as a lever, impreſſed in different points by the action of 


gravity, or any force which acts in parallel directions. The par- 
ticle A therefore is connected with G by the coheſion of the in- 


termediate particles, and, an infinite number of levers terminating 


in G will therefore be formed, upon which the particles, in any 
one line, act with intenſities varying as gr een ne 


pled into their diſtances: | 1211 OG 1: 1110 


162 CENTE R F G R A v I TY; 
1 406. PROP. The ſum, or Wifference, of: the prodytts, which reſults 
7 From multiplying each particle A, B, C, D into its perpendicular diftance 
from any plane LN, according as they are on the ſame or different. fides 


of the plane, is equal to the produt Yo all the particles multi plied into | 
the at Frm 1 122 center 5 We FO ary none | 


Ls 


A 


-Dwas; Let P and 2.be has! et * i of 4 and B, C and 
D, and drawing right lines through P, G, parallel to the plane, 
which interſect the perpendiculars drawn from thoſe points re- 
ſpectively; and A: B:: BP: AB:: Bu or B Pp: Amor Pþ— Aa, 

and Ax PSG AA = BRB Pp, or 
Ax Aa+BxBb=A+bxPp. 18 
By a ſimilar proceſs it appears, that Cx Cc Dx D fn TED 
x 29. But AB: CD:: 2G: :: G or G g=: Px. 
or Pþ—Gg, and AF Bx PP = TED x Gg = 29, 
or, by tranſpoſition and a ſubſtitution of equals, Ax. Aa +B x 
Bb + CX CS =D x Dd= 4+B+C+DxGg, where, the 
higher or lower ſigns are to be uſed, according as the bodies are 
on the ſame, or a . al of the Ont Kh p. 5 


4 


FIG, 407. Cor. 1. If the en be placed upon ie ſame right 
CXIX. line, or Aa, Bb, Ce, Da, Gg, become Ag. Bg, Cg. Dg, Cr. re- 
ſpectively, it is evident, that Ax Ag BX Bg=CxCg= Dx 
Dg=A+B+C+DxGg; or the ſum, or difference, of the 
products reſulting from the multiplication of each particle into its 
diſtance from any point g, according as they are on the ſame, or 
a different, fide of that point, is equal to the product of their ſum 
multiplied into the diſtance of their center of gravity from that 


point. 15 | | 20 . 
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| 468. Cor. 2. The whole moment of a body, ki upon a W 
| being equal to that of every particle, or to the ſum of the pro- 
duds which reſults from the multiplication of each particle inte 


its s digagce from the center of motion (279), is equal therefore to 
the 
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CENTER or GRAV ITY. 


the product of the whole body into the, diſtance of the center of 
grayity from the center of motion, and is conſequently the ſame 
as if it were collected in the center of gravity. The demonſtra- 
tion of this propoſition obtains therefore when 4; B. C, D, are 
collections of particles or bodies, whoſe centers of gravity are the 
points A. B, C, D. And to find the center of gravity of a ſyſtem 
of bodies, it is evident, that, in the propoſition (401), bodies, whoſe 
centers of Beavis are 45 B, G, hh dee. "WA: be- ran for Wr. 
tieles 1 jt 7 | ol! 


— * * 1 * _ w WS LN 
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44 * 4$#2 * 
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409. Cor. 3. If A. B, C, D, be bodies acting upon any plane 
LN, in parallel directions, the ſum of their efforts to move it is 
the ſame as if they were collected in their center of gravity ; for, 
if A, B, C, D, be the reſpective centers of grayity of each body, 
this ſum is equal to 4 x Aaix,Bb UN CC D Dd = 
A+#B+C+D x Gzz or, if they be N upon a lever, the ſum 
of their efforts to make it revolve is the ſame, as if they were 
placed at G. When the center of gravity therefore is in the plane, 
or at the fulerum of a lever, the plane and lever are quieſcent. 
And if any point Z be taken in NL, Ax 4Z+BxbZ +CxcZz 


+ DxdZ = AFB+C+D*g2Z; for if a plane paſs through 
Z, the 8 is the ame, as that of this Fcp ee 


TY - : 
. > % : 1 j = 
* 


410. Cor. 4. The diſtance of any plane 22 the cane be. 


ter of gravity 0: of A, B, C, Fed &c. or  Gg 1 15 equal 5 — ES 5 


Bb=CxCc==Dx Dd. 
+C+D,&c.. 


through any point Z is S1 ü to 


ö and its diſtance from a plane paſſing 


A Za LBZ Z= DZ 
A+B+C+D 1 


where the lower ſigns are to be ples for thoſe bodies not on the 


ſame fide of Z with A and B. N 
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CXX1. 


FIG. 
CXXIL 


PPS or ſurface P be 1172 


forces in parallel directions, whoſe magnitudes are A a, Bb, Cc, &c. 


ENTE ROT GRAVITY, 
411. Cor. 5. A right line drawn from A through the center of 
gravity G of any number of bodies A, B, C, D, &c. will paſs 


through the center of gravity of the remainder; for BNπ BEA 
* Dd = C « Cc, and conſequently the center of gravity of B, C, D 


is in the plane paſſing through 4G, and if this plane revolve, their 


center of gravity is always in the plane paſſing through AG, and 
conſequently it muſt be in the line 4G produced, which is the 
common interſection of the planes. If be this center, NU 
x Gr = Ax AG, and if the bodies be equal and u their number, 


AG= n—1Xx Gr. 


x 


412. Cor. 6. If a circle or ſphere be deſeribed about the center 
of gravity G, of any number of bodies A, B, C, &c. and any 
point P be taken in the periphery of the circle, or ſurface of the 
ſphere, PAZ x A+PB*x B+ PC* x C, &c. is a given quan- 
tity; for, drawing GP and the perpendiculars to it Aa, Bb; Cc, 
AxGa=BxGb+CxGc (499), or, by ſubſtitution of equals, 


3 S e e 6 oO DOSS 25 
A 20 P en en "CP" a 
PCI A 


pn or; AS PA + B x PRI4-C Pd. 


Ax GA*'+GP'+Bx* GB ECP +0 x GC +GP?, and 
this ſide of the equation 1s invariable in whatever point of the 


7 5 1% Pro. Tf A, B, C, p, &c. be particles of a body urged by 


the ſum of their weights 1s equal to the Wes of A+B ＋ C, Ge. 
ac, ed 525 by a ki 888 magnitude is G 8. 


i —— 


Dull. The weights of A, B 05 as. aro Ax Aa, B 55 ax 
Cc, &c. (235), and conſequently the ſum of their weights is 


equal to A+ B+C, &c. x Gg; but this product is the well of 


AS B + C, &c. acted upon by the force Gg. Q. E. D. 
414. Cor: 


o ENTER or GRAVITY. 


414. Cor. If the forces Aa, Bb, Cc, &c. be equal to each other, pt 
Gs is equal to one of them, or if the particles 4, B, C, &c. be 


acted upon by the ſame force, their weight is the ſame as if they 
were collected in their center of gravity and acted upon by that 
force. The tendency therefore of a body to deſcend is the ſame 


as if it were collected in its center of gravity, and, conſequently, 


if a line drawn from that center perpendicular to the horizon, 
fall within the baſe of the 80 it cannot fall, and, if without the 


baſe, it cannot ſtand. 


. 4 


oy 


415. Poe, If any number of A A, B, C, Ge. move in parallel 
nirections, with any e 5040 center of MAGN wl Wen, Fe a be 
nn 10 en 1. W on oo net Na þ 
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FIG. 
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Dzu. Let 4 B, 4 and 5, be cotemporary poſitions of the 


bodies A and B, and G, g, their centers of gravity, and through g 
draw a line xy parallel, and conſequently equal, to AB. op 
the nature of the center of gravity, A: B:: BG: AG:: bg: 

yg: xg (lim. triangles); and the point's divides the parallel * 
it lines AB, 'xy, in the ſame ratio, and Gg is a right line Pa- 
rallel to Aa or BB. If H be the center of gravity of A, B, C. it is 


proved in the ſame manner, that it cuts the parallel and equal 


lines GC, v2, in the ſame ratio, and Hh is conſequently a right 
Une e to G 8. „ D. 
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416. Cork! I. 1 any wat e of boils v7 B, 0 Ke. 4884 * 


deſcend in parallel right lines, the ſum of the products reſulting 
from the multiplication of each body into the ſpace deſcribed by it, 
is equal to the Product of their ſum and the ſpace deſcribed by their 
center of gravity G; for, let a, 3, c, g. be cotemporary poſitions of 
A, B, C, G, and, drawing any plane NL, A An + B x Bn-+ 
Cx Cg=4+BFCXGb (406), and 4 xam+Bxbv+C X 
c = A+B+Cxxgh; and conſequently vi addition 4 * Aa + 
*, Com Ann. Sl n 9 
i's 75 ai IN 
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FIG. 41½. Cor. 2. If any number of bodies therefore move in parallel 
unequal velocities, ot they be placed upon the 


Cxx1v. directions with any 
lever XY, and receive unequal impulſes from any force at, the ſame 
time in parallel directions, the center of gravity! will, in the be- 
ginning of its motion, move uniformly in a right line parallel to 

them, and its velocity is equal to the products of each body into its 
velocity, divided by the ſum of the bodies; for the ſpaces Aa, B b, 
Cc, Gg are deſcribed in the ſame time, and vary as the velocities, 


and Gg (or velocity of G) = — E e C nc: J 


FI 85 418. "Prop. 7 be furface,” or Solid) de genes by the line or e 
XXV. AB, moving round an axis paſſing through C, is equal to the ſurface or 
ſolid formed by the multiplication of AB into the line deſcribed by the 


center of gravity, G, of AB. 


T”T 


"Ds M. For if 4 B be covered Fd Phyſical LY of the ſame 
thickneſs, A D, DE, E F, &c. AD x CA + DExCD—+EF x 
CE, &c. = AD+ DE + EF, &.or AB x.CG (407), or becauſe 
the arcs Aa, Dd, Ee, &c. are ſimilar, AD.x Aa ＋ DEN Dd4+ 
EF x Ee, &c. (= the ſum of all the e or ſolid, annuli 
e ee 18801 I | 


419. we The content of the ſolid | generated | by the revolution of 
ends” plane figure ABC round an axis AC, is equal to that of the ſolid 
W awboſe baſe is ABC, and perpendicular height the As m7 the circle 


deſeribed by the center A gravi fy, G. 


DBM: For the moment yr ABCor ABC%GD, is equal to 
the ſum of the moments of the elementary parts of ABC, or to 
the ſum of all the ſmall rectangles En multiplied into the diſtauce 
of their center of gravity from AC, or to the ſum of all the y x 


m1 x 2 or 2 * mn n; therefore ABC GD is equal to the ſum of 
all 


ac ihe. *» 


— 


CEN TER or GRAVI'TIY 


all the 2 * mn, and px ABCxGDto the far of all the g, uns; 1 
but if * the periphery of a circle whoſe radius is unity; 7 GD 
is the periphery of a circle whoſe radius is G D; 2 2 is the area 


of a circle whoſe radius is y, and. the'ſum of al I * 2 18 
therefore n to the fold deſcribed TRY ABC. + cab? n 


. 


420. Dr Er. The center of gravity 57 a line or farface, is ; the center 
of gravity of equal Be Pointe, wy = are fe ok 70 compoſe _ 


line or * 9 


SE... #3 


a8 ad * * 
"2 4 1 x F N 
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421. Cor. 1. The center of gravity of a right line is evidently 
in its biſection, and the center of gravity of a parallelogram, 
priſm, cylinder, are in the biſection of the diameter or axis, be- 
cauſe the number of phyſical lines in a parallelogram, or of phyfi- 
cal laminæ in the priſm and cylinder, on each fide of this point, 


are equal. 


4422. Cor. 2. The center of gravity of any number of lines; AB, IG. 

CD, EF, &c. is found by joining the centers of gravity n, n, of | 

any two AB, CD, and taking a point p, ſo that pm: pn: : CD:: 2 

AB, and joining p, and 2 the center of gravity, of EF, and taking a 

point i ſo that r: g:: EF: AB + CD, &c. (401), The cen- 

ter of gravity of the ſides of a triangle ABC may be found as 

above, or it may be found by biſectin the ſides in m, 1, p, joinin 2 8. 
M 8 S CXXVIIL 

the points of biſection, and biſecting the angles m pn, and n mp, 

by the lines pr and n q, whoſe interſection, G, is the center of 

gravity; for pg:qun:i:pm:mnui AC: BC, or the center of gra- 

vity is in un; and mr: in:: mp:pn::AC: AB, or this center is 

in pr, and therefore muſt be in their interſection G. 


— 


5 | Fi 423. PROP, 


68 CENTER» CRAV ITY; 


| 1 1 42 3* (PROP, Tf a regular po gen ABC DE be inſcribed in the ſeg - 


SS T2 % 


nent of a circle whoſe center is F, half the ſum of its fel is to the Re 


E * be arc: — et fall from F — a e the A 


As 


LO 


Df. For let n, u, p. 9, be reſpsQively the centers of gravity of 
the ſides, and j joining vs, the centers of AB, BC, and CD, DE, 
it is clear that the center of gravity of all the ſides will be in vs, 
and it will be alſo in FC, and conſequently at G the interſection 

of FC and vs. But from the ſimilar triangles s Fq, EID, ED: 

EI 62 ED DC: EC):: Fg: Fs, and from the ſimilar triangles 
GF, CE H, CE: HE: 1 FG, and, by adding theſe analogies 


together, ED DC: EH: : Fg: FG. Q. E. D. 


4424. Cor. 1. If a regular polygon; be inſcribed in a circle, its 
center of gravity is the center of the circle; for Fer. 

ine of half the periphery E o F 24125 
i the ſum of the ſides An ſum of the ſides" 


— ww = 


* ” 


425. Cor. 2. As the arc EC: fine of that arc :: FE: diſtance 
of the center of gravity of twice EC from the center F; for, let 
the ſides of the polygon inſcribed, be diminiſhed without limit, ſo 
-as to coincide with the circular arc and be equal to it, and Fe is 
then equal to the radius. If the arc be a ſemicircle; the quadrant 


CK; FC:: FC: FG; and the center of gravity of the whole OR 


er is in F, becauſe FG = e o. 


426. PROP. The diſtonce of the center of gravity of a triangle um 
any of its angles, is equal to two third parts of the line drawn from that 
angle to the biſection of the fide oppoſite to it. | 


- 
— 


| RES OF GRAVITY. 
| Dov, Let 45 bifedt the oppoſite. ide BY, and drawing ad, Cd. 


ef; Nc. infinitely near and 


arallel to BC, Each will he hiſs 
and the center of gravity of rol 


reaſon, it is in Bg biſecting AC, and therefore muſt be in their 
interſection G; but, from RARE e 4 G: 925 . 94 
e der D. SAS IR. . 


12 


427. Cor. 1. The center of gravity of any dr 1 ee is 
found by dividing it into triangles, and conſidering them as bo- 


dies: let m be the center of gravity of ABC, and n of BDC and 


joining mu, and taking a point &, dp that n:: DBC: BAC, 
it will be the center of gravity of the trapezium A BDC $497) 
The Pee is ſrmilar when the + has more e fides. 


428. Cor. 2. The center of 1 of a ibis polygon, in- 
ſcribed in a circle, is the center of that circle; for drawing a right 
line BH, from any of the angles through the center, the figures 
on each fide are ſimilar and equal, and the center of gravity is in 
BH; and, for the ſame reaſon, it is in DI, and therefore mult be 
at C, and conſequently the center of gravity of a circles its center. 


429. PROP. The diſtance of the center of gravity of a regular polygon, 
inſerilel in a feftor of a circle. FE AC, from its center, is equal to two 


thirds of diſtance of the center oY ans: of the Cant E 22 


Dru. Find the center of gravity, H, of the periphery (42 3), 
and, taking IE FE, deſcribe a polygon ſimilar to EDA BG. 
The centers A ravity of the triangles FED, FDA, FAB, FBC, 
are at L, S, T, V, the biſections of IK, KN, NP, PN, and the 
centers of gravity of FE DA and FA BC, are at R, and X, the bi- 
ſections of SL, YT, and the center of the whole figure is at G, the 


biſection of RX; but FE: EI:: FM: LM, therefore LM FN, ; 


and, for the ſame reaſon, RO = i FO and GHS FH. k. D. 


269 
80 


each, and conſequently of all, which 
make up the triangular ſurface, will be in Ap; and, for the ſame 


FIG: 
CXXXI. 


FIG. 
CXXXII. 
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hp: 130. o. Cor. 1. The diſtance of the center of gravity of a ſeckor 
of L eiteſe from the center, is therefore equal to two thirds of the 
diſtance of the center or gravity of the Titer arc N WH * 
ſtands.” a T3 | | 97 : 7 


l 5 5 % 
L ? | * 
13 1 * % X 
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431. . 2. 0 the i arc 4 E : ſine of 4B: : radius: diſtanee of 
the center of gravity of twice AE from F, or FH (425); but FG 
= KFH; therefore AE: ine of AE 6 EA BC: its ſubtenſe EC) 
$5 radius: F G. | ; WE 


$CHOLIUM: 


432. The diſtance, from the vertex, of the center of gravity of a 
parabolic ſpace 1s equal to three fifths, and of a paraboloid to two.. 
thirds, of the axis; but theſe, and the moſt difficult propoſitions. 
upon the' center 4 gravity, are. beſt m by a W 
T proceſs. | | 


FIG. 433. PROP. If one or more of the bodies A, B, C, Cc. move uni- 
' formly in the ſame right line, with velocities equal to a, b, c, &c. heir 
common center of gravity will move uniformly. 


DEM. Let A and B move uniformly 1 in the ſame, or an A 
direction, P be their center of gravity, and D their diſtance: and 
becauſe the motions of A and B are uniform, D either continues. 
Dx B 
A- 
and conſequently varies as D, and P moves uniformly. If another 
body C move uniformly in the ſame right line, and R be the cen- 
ter of gravity of A, B, C; the diſtance CP either continues the 
ſame, or encreaſes and Gectentes uniformly, becauſe C and P move 


C 
uniformly ;, but PR = == 2 F and conſequently varies as 


CP, or R moves uniformly. QE. D. 


the ſame, or encreaſes and decreaſes uniformly; ; but AP = = 


434. Cor. 


ar. * 
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34. Cor. 1. The velocity of the center of Sravity is equal to 


Hs = 5 b = 0 oy = let 5. 5 a, 6, G, be  cotemporary n 1 


* 


Ax Aaz=BxBb 
: e os TP cons NY a mm CO 
becauſe Ax ap- Bxbp=0. And, placing A+ B in P and 
repeating the above proceſs, it appears that Rr = the velocity of 
R (106) = 4 42 9 2 ns It is from hence again 
collected, that the velocity of R 1s uniform; becauſe 4a, Bb, Cc are 
conſtant, and conſequently their ſum, or difference, multiplied into 


the ſame given quantities, or the velocity of R, is always the ſame. 


435. Cor. 2. Becauſe A+B+CxRr=Ax Aa=BxBb 
Cx Cc, the velocity of the center of gravity is ſuch as would 
be communicated to the ſum of the bodies acted uþan by « a ogg: 
oaks to Ax nme Cc. 


7 


BY *PROP, if one or more bodies A, B, C, &c. move uniformly ! & 125 
in ri 'ght lines, either in the ſame or arfferent planes, their common cen. ; 
ter of * S ill move Mc te in a right. line. 


1 4 * 1 4. * E — 


* This ates ye prove very y neat, choogh, perhaps, leſs inelligbly by the follow: 
jng bes ln Kaan 


* = 
þ #% *© 


1 ASE 1 Let two e move, in if ſame NN in J. duecdions D DE, 4B; ww," 3 FIG. 
D and A, E and B be. .cotemporary pobgiong, and H, K, the centers of gravity in hob poſi- CXXXVI. 
tions, reſpeRtively ; and taking BP = AD, joining EP and drawing DL. parallel to . 

DEB: AB in the given ratio of the motions of the bodies; and, becauſe the angle ED is 
given, all the angles of the triangle ED are given, and DP is. to PE in a given ratio: hut 
PE: PL:: BE: BK, which is a given ratio, therefore DP : PL in a given ratio; and, be- 
caufe all the angles of the triangle DPL are given, the angle PDL is given, and L1 is always 

R an DL. By the nature-of- the center.of gravity, DA: DH :: EB: ET PI or DA: LK; 
thereſore DH LK;aud DHK L is a parallelogram, H is parallel to Dl, and the angle 
3 & 15 given, and the center of gravity & is always in the right line ¶ & given in poſition. 

* becauſe all the angles of the triangles DPL and * are given, the lines DP, DE, 


TS | | DL, 


erN TEN GRAVEDY. 


— Dutt. 1. Let B deferibe BY uniformly in the time T. and P, 9, 
be the center of gravity of 4 and B; and 4+ B: B:; AB: 4Þ 
2: Ab: AA: Bb: P2(Euc. B.6. P. 5.), and PL parallel to 


B4, and equal to . and varies therefore as Bb or uniformly, 


Let Adefcribe Aa uniformly in the time 7, either in the ſame plane 

with Bo, or not, and R be 1 Al gravity of A, and B placed 
at 5; and , the path of the center of gravity, will appear, by the 

ſame proceſs with the above, to be parallel to A a, and equal to 
72 7 , and conſequently it varies as Aa, or encreaſes uniformly. 
When both bodies move at the ſame time, the point P will have 
two motions P Land M. and will conſequently deſcribe the dia- 
gonal PR uniformly in the time T (185). 


2. Let a third body C be added, and the common center of gra- 
vity be S, and CS produced will paſs through the center of gra- 
vity of A and B (411). From the nature of the center of gravity, 
A＋ BTC: Ar B:: CP: CS:: C. CT :: : ST, and ST= 
| | A 


DL, that is, 4B, DE, HK, are in a given ratio, 3 conſequently he point Xue. 
formly in HX. The demonſtration.is the fame if one * the bodies moves from & towards . 


CASE II. Let the paths of the bodies 4B and DE be indifferent planes; and through 
AB draw a plane Be parallel to DE, and through: N draw the plane De perpendi-, 
cular to:Bde; (produce RA to d, and [let DA, Te, be perpendicular to 4e, and the planes 
D44, Ee B, will be perpendicular to the plane ed B. Let A and D, B and E be cotempo- 
rary poſitions of the bodies. If the body at D were to move in de, the center of gravity 
ww move uniformly in ſome line HK (caſe 1.); through HK ere the plane HXA per- 
endicular to HBK, From ſimilar triangles, and the nature of the center of gravity, 45: 
D:: AH: H:: BK: Ke: Bk: kE; therefore * is the path of the center of gravity. ot 

Me bodies moving in AR, BE. And, becauſe Du: Hb: 4 47 Be: RK: : Ee er Dd: 
I, Hb =K4 and E- is equal and parallel to H; therefore the center of grayity of the 
n dodiet, moving uniformly in 4 B, DE, moves W in 24. A 


CASE III. The cemmon center of gravity of tvo bodies and a third body, is either at 
- veſt, or moves. uniformly in a right line; for two may be placed in their common center of 
. gravity, Which was proved to move uni formly, and the center of 1 as ilſe ede moe be 
dadlies as OP the ſame proceſs as before, to move uniformly. | 


En TER 07 GRAVITY. 


od end d Dis? 0 
5A or gh: 00 fe $66 Hap AE 


FE | nnn. as RR op npiformly (eaſe 7: 


A 

When 4 and B move together, the motions 8 7. TY, will be com- 
bined into one, SV; 3 and af E deferi ibe Ce aniformty in the time . 
the common center of g gravity Will Iefertte Y this new mo- 


tion, combined with SV, will make it Valk r uniformly i in 
the — os D. 


* 


144 « g Fa 4 


% - 
—— — 


4 37. Cor. r. Tt is evident, that the ROY of the © center 25 gra. 
vity; ariſing from the motion of any one body, f is always parallel 
to that of the moving body: P and are parallel to B5;'2R 
and TY are parallel to 4a 3 V to Ce. 


438. Cor. 2. The centers of gravity of two, three, &c. bodies 
will deſcribe polygons or curves ſimilar to that of the moving 
body to which. their motion is owing; and if the velocity of the 
body be variable, the velocity of cacty center will be. variable ac- 


cording, to the ſame law. 


439. Cor. 3. The velocity of the center of gravity of two, three, 
&c. bodies is the ſame as if they were placed in it, and ated upon 
by forces, equal to the moments of the moving bodies, in their 


reſpective planes and directions; for BX Bb= ATB PA and. 


Ax AUA ABN; and if AB were placed at P, and 
acted. upon by forces equal to B x BVS and Ax Aa: in the planes 
and directions of Bb. and Ms, they would r * * 


PR (185). 


440. Pio. The common center os _ of emo or more bodies 5 75 
aut affected by any action of the bodies upon each otler. 
Dx. 


A. 


* 


"i CENT/ER08-CRIAV ET x. 

FIG. DEM. Let A and g be two bodies in a ſyſtem, acting upon 

e other, 6 Ae common center of gravity,” and A. Bg, the yelo- 
cities loſt by A and gained by. B reſpectively in oppoſite: directions, 
and Ax Aa=BxBb(3d law of motion), or A: BBU WISH 
BG: 40:55:26, rA: BI Bs diſtance from the center of 
gravity Als diſtance from it; and conſequently, the flame, point G 
is {till the center of gravity of 4 and B, or it has been 1 immove- 
able. What 1 1s proved of theſe two, is. true of every. Ng 9 boUes 
and therefore of all. QE. „ "epic 4 02 his en 0 


* 4 
3 * 9 
* ” i on CY LY - 4 - 4 | F o L 


on” * * : 4 o " 


441, Cor, If two parts of a ſyſtem 4 and B, attract or repel 
each other, or moving with unequal rectilineal motions, diſturb 
each others motion by the force of their inertia, the center of gra- 
vity will not be affected by their: mutual action. 


3. IETF] % } $3 * 


C 


8 n 
n N. * CY ade we 1&1 5 9 1: 4 \- * x d $4 2 
. ts 


4 N 8 1 3 N ph uy 
| R 
od * lo, \ l e * 3 
1 = or a 


COMMUNICATION 2 MO ies e. 


? y - #< % a . 1 1 : "a A 4 c , ba FR T 
g 1 { $4 & f 43 2 ? V. LY * V P * 3 . * * 1 4 + 4 5 3 
n 9 


* o * 2 8 3 , 1 $. $14 #4 BY - 4 
13 " 2 „N R £ yn £. I bn i D . 1 2 6 of 85 * ; 4 V +3 LOB IA 4 
E 8 N 
4 rn 


CHAP, X. 


* 0 bd * 8 - 
IS. = 5 $ 8 , 1 
* * * * 7 . I A 


Y COMMUNICA ariox's or MOTION, ur Dimxor 


* 


£ 
f FF % s 3 P ” CT FS 7 
i638 10 0 Noth 4 15 Anion $1001 11 
* 


1 1 5 2822 


# ; * 4 p | * * OC £ . f * * 1 % 
> & > » * , 3 _— is S 4 , 
| : 


Sl, TEALT 


442. . At 7, are 1 to impinge di * h Wh NY 15. 
line, in which their centers of gravi ty move, paſſes 
"RAR * d de e e oa AK Ge 


, = 
4 * \ * 22 * o 2 0 bo "#4 Z 
" * 5 1 * 3 d U : 


wy 443. Det. "The center if gravity if a OY or Rom if bidies, WD 
poſed to be without gravity, is the {00 point with that © center - when its - 
influence obtains... . n abdh 


ot 


"Ces, Ut two [Et * and 7, conſiſting of any number of x16. 
particles without. gravity A, B, C, and D, E, &c. be immoveably * XI 
aeg to the right line SR, paſling through their centers of 
gravity, G.and H, which is . perpendicularly impreſſed at F by a 
force F, the moments communicated to theſe bodies are inverſely 
as the diſtances of. their centers of FAV. from, the point where 
Facts. 5 Ar brit W f, 


| 4s 1 ” 


' : 
at , " * a » + 1 — k : O F ; 

q 2 þ F , 
; > * a &. 5 — S of 3 ET 3 


Bt M. hs ſim of the Te ſtances Us: D Ard E to the action ot b 
F is Dx FAE EF. (270). = BE * FH (40). and conſe- 
quentiy if 4, e, b, be the reſpective velocities. of D, E, and H. and 
D+E= be placed in H. Dx d+E xe=7 x6; and for the 
ſame reaſon Ax BRV Cx c, &c. Xx g, ſuppoſing a, b, 

c, g, to be the reſpective velocities of A, B, C, and of & collected 
at 925 Let a fulcrum be placed at G, and becauſe F is in equilibrio 
with 


ö 
| 
| 
Ki 
| 
{ 


— 


COMMUNICATION o MOTION - 


with DE gor Tx b, F:Txb:;0H: FG, and-if a ful- 
N er en A M F:: FA: G H, and ex æquo Xx g: Y 


FH: FG. XE. . 


a oo 


444. Cor. 8 et :FHxY:FGxX::DxFd+E x 
Fer AH + BAM. Fa + Cx-Fc, the velocities of G and H, and 
of the points 4, B, C. N. are the Tar, whether the particles be 
placed in thoſe points, or colletted in their centers of gravity G 


and H; and the effect is evidently the ſame, whether G and H be 


in the right line SR, or in P making an invariable angle with 


| * and at the ſame eee from Fs enen. 


445. Picoy. 77. a material hoes sul upper 7 the pur ric les 
A, B, C, D, Sc. be impreſſed by a force Vert to F, adting in the plane 
of the ſurface at the center ef gravity F, and perpendicularly to a right 


ine 8 FR. paſſing through it, the particles will move with ** veloci- 


ties in 2 ons parallel to chat of F. 


Dem. Let the particles, on one ſide of F's direction, A+B 
+ C, &c. = X be placed at their center of gra\ 14 G, and D＋ E, 
&c. on the other fide at their center of gravity 25 and G FH is a 
right line (411). But g: b:: TX FH: Xx FG::1:1andg=b; 
and the incipient Betons of X and are parallel to F's direction 
{2d law of motion). Since & and Y begin to move with equal ve- 
locities, in parallel directions, they ate relatively at reſt, and con- 
ſequently will not diſturb each others motions; and becauſe the re- 
lative ſituations of the points A, B, C, &c. are always the ſame, 
they will move with velocities equal to thoſe of G and H, and in 
parallel directions. The effects are the ſame whether A, B, C, &c. 
be in their real places, or collected in their centers of gravity 
{444); and the initial motions of G and H are not 3 by 


the mutual actions of the particles (441). QE. D 


446. Cor. 


V0 T#Y!DIRECT TMPACT 7 5 


446. PIO If any pa 
S R, but on different ſicles of it, their center of gravity: will be in g 
41 1), and their efforts, reſulting from their inertia, to diſturb the 
incipient motion of the particles, are meaſured by the products of 
each particle into its perpendicular diſtance from the plane SR( 279), 
and theſe being equal and appoſite, and conſequently deſtroying 
each other, the particles will continue to move with their inftial 
veloeities. If a body therefore be impelled by any power F, in a 
direction paſſing through its center of gravity, its conſtituent 
particles will move with equal velocities, in directions parallel to 


that of F; and if the particles be equal, and their number 2, the 


velocity of each} and of the center of gravity, is the ſame whether 
that center be impelled by the force F, or each particle by a force 


N to b in the direction of F. 


„* 


of 


wv 


447. Cor. 2. 2 10 the wp act of one lden A upon wider body 
B, either moving or gufe eilt when the right line j joining their 
centers of gravity, and the lines in which they move, are in the 
ſame right line, the forces of impact and reſiſtance produce a 
change of erer in un ue pig __ in ſe mae? or "tar _ 
io dig i20iv vt of Arq voted 2oltiool; 9 i 10 9557 
Von 73505 n v 

ers PRor.“ Let a body A, moving with a velocity equal to a, ime 
pinge di recti upon B, moving in the Jame, or an oppoſite, e 7, W! orth 
a velocity. equal fo b, to find their. common velocity. 


os 


17 FT, . 4 — z 4 
122 140 3 i 2 1 1 <> ; SUE 2 * 18717 22 *. 


If A and B be inelaſtic, ( 3d lay of motion) A a = Bb is the 
fame before and after impact (where the higher ſign is to be uſed 
when the bodies move in 8 ſame W and the lower when 
they move in oppoſite directions, ) and, becauſe they move together, 
if v be their common We Aa = Bb=A+B * and u 
A =Bb_ U PURT nt AT 

F 0% KR PHHIS TR INR MM 449. Cor. 


Net. Cor. 3. ad leges motus. Maclaurin's Newt. Chap. IV. Rohault. Not. Part I. 
Ch. II. Art. 6 Helſham. Led. V. and 1 Nor. Com. een Tom. . 


pag. 315. ATN x \ 1 
2 


rtieles B. C, &c. be not in the tuperkicie FI G. 


& 
$ 


. COMMUNICATTON 6+ MOTION 
449. Cor. 1. The velocity, which A loſes by inipact, is equal to 
the difference between its: velocities before and after impact, or to 
4 — v; and the velocity which B gains by impact, in the direction 
of A's motion, is equal to the difference between its volocities after 
and eee or to v 5. Suhſtituting the value: of v, 

| "1141 (1 Bae Ds bf Ae LBA BE BN 
9559 85.0 mf ALB Weit. F NI = Per e 
='1, and, , reſolvitig' g khis cquation into a proportion, A+B* 


WAKER: A 27 
ab: , The velocity gained by B=g=v==4 = 7 
4. {= BY Ab = Bb © „ BA UM Bog 
anions! d "AF n 1 e „ and aka: An 


2&8). g. From hence we have the rns rules. e 


a FY 
; a 


\ 


1.* The ſum of the bodies is to the ſtruck body as the differ- 
ence or ſum (according as they move in the ſame, or an oppoſite, 
direction) of the d W LY to the RAINY * FY 
the Rp Dol; dw of abt ode bas tives te exatas9 


— 


2. The ſum of the bodies is to the gribing body as the differs 
ence or ſum of the velocities, before W to the velocity gained 
* the ſtruck re 


* =y " 

7 9 * \ * 8 p 

* 2 2 
4. » C2 - 1 % „ S 0 o *k £< % 4 , ! ; U \ F " 1 y a f 1 7 
2 ; * oa « N . 


450. Cor. 2. IF & and B move in oppolite direQions with velo⸗ 
cities that are always inverſely as the bodies, their common cen- 
ter of gravity will not be affected by their motion; but, / and g. 
ec ee the velocities loſt by 4 and Kauen, by B, are made in 

id pole 


8 4 * 
1 19911 


* Theſe res n webe differently by following e 


4. A © Cab re 0 . e velocity ali n 


pad) = g = 6 (B's velocity after impact) = 2 ee =4x1=B x5 


and I 4+B=B X 4 , and IT B: B:: 2 233: J. + 


A. 1= DE and ant =a HE ng: = 5, (becauſe the bodies move on together) 


nm", Xg =Ag Ax band Ng AHK and 4+ B. 4: 4 big. 


/ 01194 DIRBOT IMPACT.) |, 1 
oppoſite directions, and Ax /=B xgorA:B::g: L, or g and / 


are Cn as the Tab 
center of gravity of A and B is not, 


therefore, both before and after 1 imp 


velocity, u.. 


vi, oh by impact, and is, 
WY. to their-common 


— 4 ? F 
* * A. * . 1 Ta 4+ * —_— TY +6 418 þ _— 
. = 4 ' f N : $f 1% IF 2 F £214 OS 


451, PROP. Tf A, moving with a velocity equal to a, impinge up- 
"ay on B, moving in the ſame, or an oppoſite, | irection with a velocity equal 
10 b, and A and B be perfedly elaſtic, or one of them be perfetly bard, 
and the other perfettly elaſtic, to find the velocity loſt by A (L). and 
that gained ” B (G). 


o 2 — * 


hen A and Bare indie, bn B: eB I, Wei | 
AAB: Au anal: g; but L 

and G = 2g (257) 3 therefore A＋ B: 2B: 4 L, and 4 

B: 2M: 42 3 n. have theſe rules. % G B44 


I. The ſam of the bodies: is to twice the truck body as the 
difference or ſum of the Jen before e to [ps velocity 
loſt 5 the ſtriking body. : 30 tv eee 


o 


2. The ſum of the allies is * twice the dtriking body as the 
difference or ſum of the velocities, before impact, to the velocity 
We by. the ſtruck bod. Weck | 


10 


1 Lt 61221 FLY A and AL =Bx*G; | Hides? 


fore in all Ae, elaſtic Wan L =: 5 1 and G = == 5 


* * o 1 8 1 d + "a * 9 . £ k * — 17 8. © i % Za 4 % 
4 - Fe o o * * 0 
* N 


24 53. Cor. 2. 4's valockty «ftv iinpattii is ; equal to lebe difference 
——4 its in its velocity before impact and-the velocity loſt, or to a 
2 BN 4 23 Os! DIAS 2B» - A—Bxanz2Bb, 

A+B.. k : ES” Tx 7-1 + Sod Þ:f 
B $ s velocity after impact is equal to the lum of its velocity _— 

DE ANCO Z 2 an 


and- conſequently. the velocity of the 


9 


. — 


cou ere N br moTION 


\ | A 3 * ; * 2 d. — | 58 
| 2 3 — f 
and the velocity gained, or 0 = 25 + 5 ”, e SEES. 


Hy cn Bxaz=2B 12 24 Be 
1 42 B 22 e eee | +B qr D a, 


or the bodies move with interchanged velocities. 


Wy FM 8 3. If A be greater © or - eſs than B, Ti is leſs or greater 
than a==b, and G greater or leſs than a = 3. If A be to B, as 


„ E s LE 


455. Cor. 4. If there be any number of bodies A, B, C, D, &c. 
in geometric” progreſſion, encreaſing or decreaſing, and A, moving 
with a velocity equal to a, communicate motion to B at reſt, and 
B, moving with the velocity gained, communicate motion to Cat 
reſt, &c. the velocities communicated to B, C, D, &c. will be in 
geometric progreſſion, decreaſing or encreaſing. For (451) 
AAB: 24: f: velocity of B + 

BC: 2B: vel. of B: vel. of C1 

CD: 2 C:: vel. of C: vel. of D 

DE: 2 D:: vel. of D: vel. of E. we berate of B, C, 
&c. are in geometric progreſſion, A+B*24:i:B+C: 2B: 
C+D:2C::D+E: 2D; and conſequently 4: vel. of B:: vel of 
B: vel of C:: vel of C: vel. of D, &c. And if the bodies encreaſe 
or decreaſe in magnitude, à is greater or leſs than the velocity of 
B, or the velocities communicated gdecrente or encreaſe. 


456. Cu 5. If the number of bodies in geometric progreſſio on 


be equal to n, 4: velocity of the laſt body: : A+ BY: : 2A)”; for 
4 vel. of the laſt body in a ratio compounded of the ratios of a : 


vel. of B, vel. of B: vel. of C, vel. of C: vel. of D, &c. each of which 
Wo is equal to the ratio of 4+B: 2.4, and the number of ratios is 
bl calle to #—1: The velocity of 4, or 4, is alſo to the velocity of the 
l laſt body :: A+BxB+CxC+D, &.:AxBxC, &c. (the 
1 of all except the laſt) x 21. 


7 57. Cor. 
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437. Cor. 6. The velocities loſt by A, B, C, a are in E 
progreſſion encreaſing or RY: Ee" as 1 alen * 
creaſe or encreaſe; for, | r 

ATB: 2B: vel. loſt by 
BEC: 20C:: vel. of B: vel. loſt by B_ 71 
C+D: 2 D:: vel. of C: vel. loſt by C, &. 
But A, B, C, &c. being in geometrie progreſſion, A+ B: 2 B:; 
B+C: 2C::C+D: 2D, &c. and conſequently à: vel. loft by A 

:: vel. of B: vel. loſt by B:: vel. of C: loſt by C, &c.; therefore the 

ratios of the velocities loſt and gained are "he ſame, and the laſt 


being in geometric e (4 56), * firſt are ſo too. 


4 58. Pac or. If there be three per feAly elaftic bodies, A, X, Q» and 
A, movi ng with a velocity equal to a » impinge upon X at reſt „and X 


impinge upon Q at reſt, Q's velocity is the e bali when X is @ 
mean e between A and Q. 


Du. Let 9. be the velocity of 2, and a: : TE N TR XT 8 
4A X (456) :: 4+X+XY+2N; 44 (ſuppoſing 4 tobe to Xas to 2 


and conſequently A+X: X:: N A and for A+ Xx & ſubſti- 
4Aa 


tuting its equal * 2 X); and q == $A 21 add} «fe 


being given, q varies — ALEX 3 5 and 1s greateſt when their 


ſam is leaſt, or when X = Y; for 4 x Mt being given, X x Y is 
given, and the ſum of two factors containing a Siven product is 


leaſt * when they are equal. Q. E. D. 


459. Cor. 1. The velocity, communicated to 2, will be en- 
creaſed, by encreaſing the number of bodies in geometric pro- 


greſſion, between it and A, and arrive at its limit when that 
number 


* Let the given ode * n * the given reckangle AB, contained bs two un- 
equal lines AL, LB. Make the ſquare LE equal to the rectangle AB and AL +LB='4D 
=2CM is always greater than 21M or r LM + LF. 


_ 38x 


FIG. 
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number is | infinitely - great, and then 42: 51: : VA. Let 
the ſucceſſive differences of the bodies be x, y, 2, &c. or B Ax, 
C = BH, D C2, &c. and let their e veloci- 
ties be a, b, , e, „ bern AB: 24:3: 3 «nd Baz 


At, by ſubſtitution, AA. Ar A A | B. 


A(31); B+ ðãe 2Bor2B+y: 2B or B+ 2: b 4 , 


VB; and, for the ſame reaſon, C+=: 811014: B. VC, cee 


but : 2 in a ratio compounded of the ez of a:b,b:c,c:d, &c. 


or their equals VH: VA, VC:VB, VB.: VT, Kc. or of the 
ſquare root of the laſt body to the ſquare root 80 the firſt (41); 


and corny 4:92 . Q: V4. A. 


460, Cor.2. Becauſe A x L => x G, A: B:: G: I; but G and 

L are made in oppoſite directions, and are to each other as the 

ſpaces deſcribed by the bodies in the ſame time, and being inverſely 

as the diſtances from the center of gravity, this center will evi- 

. dently not be affected by impact, but will continue to move with 
a velocity equal to v, their common velocity after impact when 
inelaſtic. This alſo appears from article 440. | 


461. PRoP. IF two perfectiy elaſtic bodies A and B i mpinge direfth, 
the ſums of the products, reſulting from multiplying each body into * 
ſquare of its velocity, is the Jame before and wo impact. | ; 


143 1444 


DEM. Retaining the ſame notation, a — vl, and 2a— 2 1 
L, and 2v == 26 = G; and conſequently 4's velocity after im- 
pact is equal to a - 22 + 22 — 4, and B's velocity = ==6 


+G=2v=6b; but Ax 2v —@* + Bx2v==8* = Ax4vx 


D —a+@# +Bx4vxv=bbtB=Ax& +B x8, becauſe 
dxa+BxSb AER, and Pray ry ut 
| | 5 * 


W 


A © 1 18! DIRECT IMPACT. 


e or, or, multiplying this r N n anon 
*** e * l Fe 


[ 


* 

462, Cor. 1. Whatever therefore be the number of elaſtic bo- 
dib 4 B, C, &c. which impinge ſucceſſively, beginning with A, 
the ſums of the products, reſulting from the multiplication of each 
body into the ſquare of its ch are the ——_ _—_ and after 
impact. | 


46 3. Cor. 2. The relative velocities of A and B are the ſame 
—.— and after impact; for, before impact, the relative velocity 
is equal to the velocity of A diminiſhed or encreaſed by that of 
B, according as they move in the ſame, or an oppoſite, direktion, 
or equal to @ == 5; and, after impact, it is equal to B's velocity di- 
miniſhed or enereaſed by that of A, or equal to 2 v==b = 2 v+ 
2 4 2 the ſame as before impact. | 


* — 
\ " . 
1 14 . } l 4 3 1 
— — 1 * 4 * A ” : - 1 4 of I % f * wa : 
* * 


A 1 


464. Cor. 3. In this propoſition the force of elaſticity is equal 


to that of compreſſion, and this obtains very nearly in ſome kinds 
of bodfes, as glaſs, ivory, tempered ſteel, &c. and, in theſe, the 
conſervatio vis vivæ is preſerved, or the products of the bodies into 


the 


» This propoſition may be proved a little differently by the following proceſs : Tet ? and 
g. be equal to the velocities of 4 and B reſpectively, after impact, and 4 x a= Bxb = 
B x q= Ap (34 law of motion) and 4a 4p = Bq +Bb. ' But the relative velocities of 


A and B are the ſame before and after impact, or a4 = q==/, and a =p = 1 . 


multiplying 44 = Ap into a+: , and Bg= Bb into g 6, the reſults are 
AX a Xx Apa Oo , 
ADA -A BH Bgb. 
= 376 — — 26, or 
AXA BN BNN AN. 


Ex AMF. Let the cation of 5 B, und @: 6 "be $- 4 TER 129. 2, and, be- 
e ee eee, and, 15 AX Ax 


57 LE Me . 


2 


Nad BXg *=Bxb+ 


= 


MAS ee — =9 £4=36, md Ax res. 
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the ſquare of their velocities, are the ſame before and after impact. 
But in all bodies, ended with imperfect degrees 0. elaſticity, _ 
Equality of the products is not mt 


* 


* 1 Prov. When as Ac Bj 7s perfetly lard, 24 FP 8 im- 
penfelly elaſtic, or when they both are  imperfeftly elaſitc, and the whole 
force of reſtitution it to that of compreſſion, as any number n: 1, to find 
the velocities of A and B after impatt. 3 


DEM. When A and B are inelaſtic, let the velocities loſt by A and 
1 by B, reſpectively, by the force of impact, be / and g; and 
n:: I: 1 the velocity which A loſes by the force of reſtitu- 
tion, and z1 +] = A's whole un of e = mM = - a I 


As te B's velocity after pes = = == y ＋ 2 4 ng = = == 


S + mg. Q. E. I. 


105 Cor. 1. Becauſe ] , II, or A's whole 


Bxa=-b 
loſs of velocity, = 2 + 1 x — 5 and conſequently . A ＋ B: 
NIX B:: a b: velocity loſt by A. And becauſe 1 7 +1 1 *, 


or B's whole gain of velocity, n I * a 4 I LW 4 + B 21 


x A::a==6: velocity gained by B. 


467. Cor. 2. It is proved in the ſame manner, as when the 
bodies were perfectly elaſtic, that the velocities loſt and gained, by 
a ſeries of imperfectly elaſtic bodies in geometric progreſſion, which 
are all at reſt, except the firſt, are in n geometric progreflion ; for let 

_the 


. 


er DIRECT-IMPACT, 


the bees of A, B, C., D. &c. be a, b, c, &c. — 4 


— / 


Ye SLID C2090: fo : 1 I Xx A:: 23 * | N 
F B+C:a+1xB::b:c 1 25 | 74 > he 
_ os CD: Ong x C:: e: a, 
and becauſe A: B:: C: D, &. 


2 eee Dine &c.; 
or a: 3 55 ce: 4, &c. 


— 


468. Cor. 3. If elaſticity be equal to the reſiſtance made to 
compreſſion, == I, and, ſubſtituting p and ꝗ for the velocitics of 


4 and B after impact, b PER 45. and 8 Let 

elaſticity be 5 , 1, 1 &c. of the refiſtance, or 7.= t- 5 + &C.z and 5 * 
4 * | 8 S B 

— . a— , e. and 9 = ig b. 26 * b. ig 


b, &c. : if therefore A. B, g and n be given, the ratio of the re- 
lative velocities, or of a == * p may be found; and v: v, if 
the ratio of the relative velocities and 4, B, a, 8 be known, the 


degree of elaſticity, or 1. may be found: for þ = 4 — mf and. 


—_— 


„ b mg, and the ratio of g—p (==6—0+ g + 2 * Sam) 


24 — bi 18 a Siren ratio, and conſequently 2 6 + va 1s Ron. 


2 * ' Tat BS. 3 4 | g — 


469. Cor. 4. The converſe of prop. (461) is true, and if the 
products of 4 and B into the ſquares of their velocities, be the 
ſame before and after impact, the force of reſtitution is equal to 
that of compreſſion; and generally if the products of 4 and B 


into that power of the velocity, whole exponent is any number , 
be ſuppoſed equal before and after impact, the relation between 


the forces of claſticiry and reſiſtance may be found: for a — ©28 5 8. 


=þ and == = b + mg 4, and by ſolving the. equation A* + 
5 A a 8x 


| 
qi 
ql 
[ 
0 
| 
' 
: 
\ 


JS 


— 


— 
— EE @ — 2 — M3 =: ES RS i 
— ms — =—— IS DEE — > 2 2 p 
— —— — — ED — — * - 
—— — — 2 — 2 — — — — OY — 3 > — - 5 
— — — —— 
” 


— > 
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TN 1B g | 
| BA | ur „ n, and e 


n may be found. 


470. LEMMA. 1f: two eig, bodies A and B move An A and B 
at the ſame time, with velocities which are to each other as a : b, or AC 
: BD, Yo aud a plane that JS touch both bodies at the point of im- 


| Pact. 


CXLI 


— - 


join AB, and deferide the alba 4 whoſe ſides are 40 
and AB; join DE, and from C, as a center, deſcribe a circular 
arc, with a radius equal to the ſemidiaters of the bodies, cutting 
DH in L; draw LE parallel to AC, and E F parallel to the line 
Joining C and TL, and the bodies will at the ſame time be in E and 
F, and a plane perpendicular to EF will touch both bodies at the 
point of e for DE: EL or FC:: DB: BH or AC, and 
DB: DB DE or BE:: AC: AC== FCor AF, 
and DB: AC:: BE: AF:: b: a, and BE, AF are 
therefore deſcribed in the ſame time by B and A, and becauſe E 
— CL = the ſum of the ſemidiameters of the bodies, they will be 


in contact at P, with a plane perpendicular to EF. Q. E. I. 


FIG. 471. LEMMA. If to ee Bodies A and B a obli 8 fo 
determine the velocities loſt by A and $1 ned ts B, and the OC of 
each after impacł. ; 


Caſe 1, Suppoſe A and B to be inelaſtic, and to meet in D, and 
Llto be a plane in contact with both the bodies, and the velocities 
to be FD and GD. Reſolve each velocity into two, FL, and GM, 
perpendicular to the plane, and DL, DM, parallel to it: DL and 


DM are not affected by impact, and FL, GM, are directly oppo- 


A BL oo B x GM 
ſite to each other. Taking therefore DH = = == 758 


| (448), | 


2 


01 SY UBLIQUE: VMPACT. / 


(443) and Du, / ruſpectively equal to DM, OE, A 4 2 wil 
deſcribe the lines: D wal Fe tay 301 qr 9149 3491 4 


, at a $i ed 
2 7 20) gala! 92a Bt {41071 MO 10 * bs), DIE! 52 Steer 


4 1 SON 14501 


Hod I 28 gs 967 2yewis A 10 
Caſe 2, If. A and B be either nerfeltly or | imperfeatly elaſtic, they 
will be reflected, and the velocities DE, DH be equal gy. 


2Bx FL+ GM WP; 2Ax FL I GM 
to FL n A4B 7 and — GM +  A+B (453): 
taking therefore Dm = DM and Dl = DL, A vill be reflected 
along Dx. and B along DP; for the velocities DM, DT. remain 
after im pack; and theſe; compounded with DH and DE reſpeQive- 
ly, will 2 A and g deſctibe the diagonals of ee 


whoſe ſtdes are DE; B and DH. Dim. Rt WE” 
4011 tf) 12 


oft 70 be 323 JOrn 21 * 108399 ©1868 7 


* x 614 45! 
8 | N ei 


WP ok Wort kli; aatho data nau e050 ag = 


TE 


— 


particles P. 4nd Q» without fri (hat a point about which the. right" 
Ane 8 R, aubering to thoſe particles; begins tu revolve, when impreſet 
perpendicularly by a force By ting at & pom F which; is nat the Cen-" 
ter. of gravity 0. ip In bits DN 517190. 20 vio 1-79 beo 10:2 


% 


oo * 6 Bano 5 WI ei JR nl 9 (7 nis 2 £2191 "my Y i 47D : 10385 776! 5 
Ds Nins 203: cot] 0197 


"Let 2481 be a new "poſition of ) S. i aEnirdy's near. tot e former, 
and the point S is N ſtatic jonary whilſt P and 7 DyÞ the 
ſmall ſpaces, P þ and Ter r x FE x Fp: Pę: Be (443), 

P or 1 PP: ae 9x Fax SF—2x 
een pe PX PPE SEPD 


* * 


. T3 es x ÞP ; 


5 * F 
p 7 8 | — a , 
. a *% 4 * - wh = * 4 _— * 4 CG * . 
— 


* 
WE bs. > XL : Ne 
1 f # I 122 4 4 8 : PI . 
6 — — oa — * «„ XX XX - ꝓTZT— — 


f 5 2 8 Po 
as 'S = a 4.x 3 A 


473. Cor. 1. Whilſt F aha at the came paint, spe is * 


Gunst No 1018 acht 2d 8 5 = 
4. end whatever be t the magnitude of F. becdte 5 


15 i978) OH! 1915 J. 1991133 9 2 EFT 
is a given quantity. | | 

474. Cor. 
5 wege Tran, for 1780, pag. 550, "where 1 nagen is treated with great peripicuity- 


Aa2 


oil | „Lagihra- 45 u. eee, le y comverfln'of the 
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. Ser. 2, Fo whateyer :pginy of be ſame urch i he Ap. 
plied, the incipient motiong af Band. $XQx H Apa 


4 oratiably the ſame (2d law of motion); and conſequently the ve- 


or Gg, is always the ſame as if both 
q acted agen ane fore For 
ALL 2881 20 9 Fun „eee! NS Af 
" + (406 . Mi i 

n ig 8 e 486 


2 4. 
4230 =\0 bas Md = w (\ pag ara, 13 gttizs; 
© mates al. ut face compoſed of alis gat · 
Na force. Fact in the line PR placed in the 
013520, e Lawn through the center of 


g . each parti e | receive an jmpulle in axdiceRion parals 
jel to PF (ad law. of motion); and becauſe & is not affected by. the 


action of the particles upon "each. other, it will: move in a right: 
line (440), and the. gente of: ſpontaneaus converſion. Mill bes in 
ſome, point of the line. S perpendicular to. HH. Bet & be: that 
center, aud the whole, plane will, begin 10 renolte abaut S4 but it. 
a force Tequal to. Ft act im an qngpoſite dirt 

tion would evidently be deſtroyed, and conſequently. the con 

ed force of every particle in the ſurface (revolving round &, W . 


reſults from the action. of N). ai revolve about . E and 
deſtroy t the action of. ” would 5 uy nal to nothing. But the force 
of any p particle A A I multi e nto the. Ib 
diſtance. of its direction from E «5465 Fm or, t 22 8 — 
ng fan 8% e . to SF) E 284 5 and 
Sass d, > =p b 72 FA AJ x . | 

EF *. S * — 4 X Fun S a= A 


* 
© {> 1 * (> * * 8E 


= AxSaxSF— AX SAz: 2 PS. 765 — 
B &c. 


| Þ UP « | | 4x8 A? + Bx 
B SB. = B's force: conſequently.S F $a+B x TUB. 


2 ere ＋ BNS Ba &. HEI 203 15 2056 U Rid W. 1.100 8 
n If § be the center of f enſio „ E 


2d A 10 Du iter 21 ed 1% SN P 


mill Uichfarobe the center of oſcillation (art. 512% 


Mmeup nSvR n E 21 


* C31 
aa a 4 "Be 
# # . . "* I ” 9 x L Fi. 
1 9 12919 fi 5218211 21 Pedal aids sn oe ge ost wh f 28. 00 b. 
* ry f * % 


* * 


4 5 
« * 
2 » *% PS 
N "i 
4 - 4 
* 5 1 1 _—_— 
P Dn * 4 * 
; 4 | 4 
—_ 
: 79”. wo 
hy - a 
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7 


476. Cor. 4. If pq S'be the next poſition of SR, and x be 


drawn parallel to it, P has been progreſſive through xp, and re- 


greſſive through 29, ſubtending an angle at g equal to that at S. 


The initial motion of the center of gravity is not affected by the 
unequal motions of P and 9, becauſe their actions upon it, or 
PM pg and Ax 2 are equal and oppoſite, and the motion of G 
is conſequently rectilineal and uniform (iſt law of motion); and 
becauſe the incipient angular motions of P and & about g conti- 
nue to be uniform, it is evident that when the angle G Sg would 
become equal to four right angles, or P and 2 have made one re- 
volation round g, Gg. the line deſcribed by the center of gravity, 
would be equal to the periphery of a circle whoſe radius is S G. 


477. PROP. Let a body B, be impelled by a force F, acting in the 
direction FD not paſſing through its center of gravity G, to define its 


motion. | | 
Through G draw a right line SR perpendicular to FD pro- 


duced, and, if & be the ſpontaneous center of converſion of the 
plane ſurface SUR, every particle will receive an impulſe, and 
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begin to move in a direction parallel to this ſurface. (2d law of 


motion), and conſequently to revolve round an axis paſſing through 


S perpendicular to it. And if the parts of every ſection of the 
body, perpendicular to DF, on each fide of the plane SUR, be 


ſimilar and ſimilarly ſituated, the plane of converſion SUR will 
not be affected by either the progreſſive or rotatory motion of the 
particles: for their effects upon SUR, ariſing from their progreſ- 
ſive motion, are as the ſums of the products reſulting from the 
multiplication of each particle into its diſtance from this plane, 
which are equal and oppoſite; and if þ and q be two equal parti- 
cles, fimilarly ſituated in any plane perpendicular to D, their 
effects, ariſing from their rotation, being meaſured by the product 
of each particle into the diſtance from the axis, will be in that 


plane, and equal and oppoſite to each other. Conſequently the 


incipient plane of rotation remains unaltered, and if a right line 
be drawn through G, perpendicular to the plane SUR, every par- 
W : ticle 


FIG. 
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ticle will move round this line as an axis, whilſt & moves uni- 


formly in a right line. 


478. Cor. 1. In a body, B, revolving by the action of a force im- 
pelling it in a direction not paſſing through the center of gravity, 
the diſtance of the ſpontaneous center of converſton from the in- 
terſection of F's direction with a right line paſſing through the cen- 
ter of gravity, that is, SD 1s equal to the ſum of the particles mul. 
tiplied into the ſquare of the diſtance of each, divided by B mul- 
tiplied into SG. 

479. Cor. 2. AxSA*=AxSG*+ OA 2SGxGA(Euc. B. 2. P. 12) 
Bx SB BSG + GB* + 25G x Gb 
CxSC*= Cx $6* + GC*+ 28G xGe © 
DxSD*= D x $G*-+ GD*—25G x Gd, &c. 
and, becauſe Ax 25G x Ga+Bx2SGxGb+Cx2SGxGi—_D 
x 25G x GD, &c. = o, Ax SA B x SBZ CSC + D x 8D? 
— Ax SGK GA* + B x FG? + GB*+C x $6* + GC?, &c.; 
Ax SG +GA* + Bx$G* + GB* 
pe i++ Cad Th 
_AxGA* + BxGB* + CxGC2? 
&c.; and FG = „ &c., SG x GF 


is equal to a given quantity, or SG and GF vary inverſely as each. 
other. „ 


therefore SF= SGTGF 


480. Cor. 3. Becauſe the velocity of & is the ſame as if the par- 
ticles were concentrated in G, and acted upon by the force F the 
time of deſcribing the angle G Sg or 99 2 is the ſame to whatever 
point F be applied: but, Gg being given, the angle G Sg varies 
inverſely as S G, or directly as G (laſt cor.) . If different forces 
act at the ſame point, Gg, or the angle of rotation, will evidently 
be as the magnitude of the force;. and, conſequently, the angular: 
velocity will vary generally as Px GF, or as the magnitude of 
the force multiphed into the perpendicular diſtance of the center 
of gravity from its direction. | 4 


481. Prop. 


wn hb 


BY OBLIQUE IMPACT: PO: 
© 481. PROP. Let à body, whoſe quantity of matter is Qs N FI. | 


With a velocity equal to V, impinge upon tbe body B, in the direction 
FC paſſing through the center of gravity of Q, to find the velocity of 
the center of gravity, G, of the body B. 4 


Let g be the velocity of G, and & the ſpontaneous center of 

_ converſion of B; and SG: S D:: g : velocity of D, which is there- 
fore equal to N . LES 1s therefore equal to the velo- 
city loſt by E. in the direction FC, and (3d law of motiou) 2x 


S D x 0 x SG —SDxs 
28 F . and I — 50 Ss = =Bxg, and 
NN SG 


FN lr 


482. Cor. 1. If the bodies be perfectly elaſtic, the velocity of G, 


22 Vx SG 
after DT is equal to 5 5 2x8 5 


483. Cor. 2. Becauſe the velocity of 2; after impact, is equal to 
that of D, or to pat, or, ſubſtituting the velocity of g, canal 


2xYV xSD Ax SD 
to ND EN SOT 2x „D is As loſs of velo- 
BV SG 


city, when the bodies are inelaſtic, which is equal to 5 BxSG+2xSD 


_ = 2% loſs of velocity, and conſequently 2's velocity after impact, 


2 BX VX SG 
when the bodies are perfectly elaſtic, is n to Bx SGE 


Vx 28x $D— B * SG 
 BxSG+2Qx8D *©_ 


2 


484. Cor. 


1714 


COMMUNICATION er Morro N, &e. 
184. Cor. 3. If F paſs through the center of gravity G, of the 
| body B, or 45 impact become direct, S & = SD, and G's velocity 


neee Vx 2x $SD—Bx8D 
"Is x SG +2 x 5G © B+ 2 velocity = " BxSG+ I 
B 
Fr 2 Eg and rules are deduced from theſe . which 


are the lame as in direct impact before Wiz ALS 


7 


| 483. Cor. Fs Becauſe 2 2A xg d law of motion) g = 
2 AA. , or the progreſſive motion of B is the ſame upon whatever | 


point of B the body Limpinges. n | 3 


486. Cor. 5. If Y be the marley of a body placed at D; 
which receives the ſame velocity from the impact of Q that was. 


communicated to the point D, and, conſequently, the velocity of 


XJ xV x 5 D 
V after impact, will be n to Fines ks GL ＋ B' and 
TY == 2 = . Hense if the direction Joes not paſs through the 


center of gravity of 2, find the diſtance of the ſpontaneous center 


of converſion of Q, and its center of gravity L and a body whoſe 


magnitude i is equal to Vx 271 impinging direct iy, would have the 


ſame effect upon B, whoſe velocity conſequently may be eflimated 
as above. 


4 * 


CENTERS or PERCUSSION; Sc. 


Dun. "= FI 1 . 1 ” 1 
» as 3 all 4 WM \ 4 # + * » 4 


* 


i * x . * 9 "4g 
þ4 - h k 4 # . a 1 ; 4 . 4 
; * 
* * * 
e ” 4 — : a * * » # * 
- o 
. 9 — 
4 ; 1 © * 


*CENTERS OF PERCUSSION, GYRATION: 
AND OSCILLATION. 


487. DEF. FJ HE center of percuſſion of a body, or ſyſtem of bodies, is 
a point, which being flopped by an immoveable obſtacle, 
the body or ſyſtem is perfetily quieſcent, 


If A, B, C, Kc. be particles of a body, or bodies, whoſe centers of 
gravity are the points A, B, C, &c. connected by inflexible lines, and 
moving with equal velocities, in directions parallel to any right line 
DN, an immoveable obſtacle oppoſed to the center of gravity & in 
the direction ND will deſtroy all motion. For, when G is ſtopped, 

each particle will endeavour, by its inertia, to proceed i in the line in 
which it was moving, with a moment equal to the product of its 
quantity of matter and velocity; and, if any plane be drawn through 
DGN, the effort of each particle to communicate motion to it va- 
ries as its moment multiplied into its perpendicular diſtance (279). 

But, the velocitics of A, B, C, &c. being equal, the ſums of theſe 
efforts to move the plane, on each fide of it, are equal (409), and 
being oppoſite they conſequently deſtroy each other, and A, B, C. 
&c. are perfectly quieſcent. If different bodies, or particles of the 
ſame body 4, B, C, &c., whoſe relative ſituation is unchangeable, 
revolve about an axis. paſſing through any point S, and a plane 
be drawn through their center of gravity & perpendicular to the 
axis, each particle will deſcribe a plane parallel to this plane, 


their angular velocities will be equal, and their lineal velocities 


FIG. 
CXLVII. 


will be as their per pendicular diſtances from the axis of ſuſpen- 
| ſion. 5 


P Simpſon? 8 Fluxions, pag. 210, Lyons? s .Fluxions, pag. 244. Emerſon's Mechanics, 


B b 


Set. VI. 
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194 ENT RERS 0 PERCUSSION. 
ſion. And if, as before, a plane be drawn through G, parallel to 
the axis, the ſums of the moments of A, B, C, &c. multiplied 
into their perpendicular diſtances, on each fide of this plane, are 
not equal, becauſe the velocities are not equal; and conſequently 
if G be ſtopped, A, B, C, &c. will not be quieſcent. But the late- 
ral efforts to move the plane paſſing through SG perpendicular ly 


tq the axis, being ſuppoſed equal, it is evident that the center of 


* my be in r 9556 0 


FIG. 488. ProP. Let A, B, C, &c. be particles of a RR a 
CXLVI about an axis paſſing e the 28 8, it is ma. eb 40 0 Jus the center 


of ys 


Let A, B, C, &c. be the places of the nk reduced to the 
plane paſſing through S G, perpendicular to the axis, by let- 
ting fall perpendiculars from them upon it; and let 4's mo- 
ment or Ax SA, becauſe its velocity is as SA, be repreſented 
in quantity and direction by Ap perpendicular to $4, and re- 
ſolved into two forces A 4 perpendicular, and 5p parallel to 8 G. 
The whole moment of A: its force perpendicular to SG:: A A 

Ax SAN SA 
7 S4): 491 SA: 84 (am. triangles), and Ag - Y 
Ax Saz; and, ſappoſi ng P to be the center of percuſſion,” the 
efficacy of A to communicate motion to P is equal to its perpen- 
dicular moment multiplied into the diſtance at which it acts 


= 
4 Sen Pe Ax 80x IP=IM=AxS0 x — . 
Ax SAX SP Ax SA. By a ſimilar proceſs it appears, that 
the efficacy of B, C, &c. to communicate motion to P, is B x S 
* SP — B Xx SB, CxSC*—Cx8Scx8P, &c.; and, becauſe P 
is quieſcent, theſe forces are equal on each ſide of it, or A x Sa * 
SP— AX SA* + BxSbxSP — BX SB. = CxSC*—Cx8c 


1 4 a Vit 
* SP, and conſequently SP = = 2 Et > 1 2 - 458 c. 
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. 489. Cor. 1. Becauſe 4: x $a + BN SGN Cnc, vec. = ZIDTT 
. ill "ag 


HE 


nnn A+B+T, Sa x80 278, * 


490. Cor. 2, The aiftanes of the center. of pereuſſion from the 
110 Ax GA*+ BxCGB e 
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491. Cor. 3. In the ſame body, or ſyſtem of 1 4 B, c 
&c. A+ B—+0C, &c. x S GX GPS Ax GA'+BxXGB+Cx 
G, Ke. SPI allo a given quantity, wherever che point 
$14 101 se 20 1930195 801 Ditz AXGA* B TGB. led O06! 
of {aſpenſion be placed, because. e is given; 
and if 8 be infinitely. great, or the velocities of 4 B, 'Q re. be 
equal t to each other, G 1 is evanefcelt. e 
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492. Cor. 4. If a circle be deſcribed from G as a center, with a 
radius equal ko SG, and, the plane of motion.remaining as before, 
the points of ſuſpenſion, be in different points of the periphery of 
this Aires the diſtance between the centers of gravity and percuſ- 
ſion will be invariable; for ST bring grven, GÞ is given (laſt cor.) 


— * * o * * * * 1 
. * F 1 * — 1 1 a g { „* F 4 * R ' ” - 4 * 


e a 12 2 
493 Cor. 5. nf particles, whoſe magnitudes are © 4x 64 B 8g. 
22 AT) 30 SLIEL £3934 £344 t SP. : N 8 


LY] &c. be concentrated) in P, the ſame angular. velocity wall 
be generated, in theſe particles, bs a force F acting for a given 
time, and in A, B, C, &c. at their reſpective diſtances SA, SB, SC, 
'&c. For, let X,Y, Z, &c. be reſpectively in equilibi io with 4, B, 
C, &c. and their moments are inverſely as their perpendicular di- 
ſtances (272), or Ax SA: AX SP: De G and AR QA = Xx 
5 B of 2 x P., 


10 


will vary as the force di recly and quant? ty 0 of 1 matter er 
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* 6 f. and * =— 3 57 7 a a proceſs it is proved that 
| B% 8B 2 ** rene, 
Y= 5 55 Jad 2h EW WE. 3 "Mk $35 vt 


494. Cor. 6. A pendul6us body moving with a given angular 
ny; will have the greateſt effect upon another body againſt 


which it impinges, when the point of impact 1 is the center of per- 


cuſſion; for in this caſe all its motion is communicated: | But 
when the direction of impact does not paſs through this center, it 
will have a lateral motion, or endeavour to continue its rotation. 


«+ 
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495. dhe 7. If the points 4, B, 0. 655 and G be 1 to any 
plane perpendicular to * axis, and the center of percuſſion be 


ſuppoſed to be in this plane, its diſtance from the axis of ſuſpen- 


fion is found, by ſubſtituting the diſtances of their places in this 
plane from the axis, inſtead of SA, SB, Kc. in the expreſſion 
AxSA*+ BxSB* 55 


ATE, &c. x GS *? 


* 


496. LEMMA. The veloci ty V, generated in a bod whoſe quantity 
of matter is Qu by the action of a conſtant force F, for a given time, 


: 


DEM. Let J, Q F, be variable, and it is evident that V will be 
encreaſed and diminiſhed in the ſame ratio with F directly, and in 
the ſame ratio with which the inertia or (pag. 63.) Qis diminiſhed 


and encreaſed; ar “ varies as So Q.E. D. 


Cor. Becauſe the velocity is equal to the moment of a 
body divided by its quantity of matter, if ni repreſent the quantity 
of motion generated in a given time by F, or the.numeral product 

© 
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498. PROP; if any conſtant force F ads, for a given time, PONY FIG. 
dicularly upon the line 8 V, at the point V, and SV and the particles CXLVIIK 


A, B, C, &c. whoſe renter ꝙ gruuity is G, are connected to an axis 

paſſing through a fixed point 8, the WY communicated to the point V 
Fxsv- Ho NA 

e a l sse Cc. 


— . 1 1 _ „ 0 * 


DBM. Suppoſe particles, whoſe magnitudes are 4 © * . 9 fer 3 


. &c. to be concentrated in Y and they would be in equilibrio 


8 
with A, B, C, &c. reſpectively (493), and conſequently equally reſiſt 
the action of 0 But the velocity generated 1 in theſe particles, collect- 
F 


ah u (496), ore eee 
"4 SH * | 
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499. Cor. 1. If n, as. before (497). repreſent the abſolute quan- 


tity of motion generated by Fin a given time, then the veloeity of 


mx SY & | | 
"= TxFAE BxIEq Cx FT" 2 FO: 


500. Cor. 8. Becauſs all points deſcribe equal angles at the 


axis, in equal times, the velocity of Y is to the velocity of 


A:: 58: SA, and the velocity of A velocity of F x S4= 


* . 
Ax SA* 1 5 7 CSG &c.; and by a ſimilar proceſs, the 


velocity: 
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veloety of . — AxSA* + B x SB FCx 50. 5 22 a 
a oF. | % ? 3 9 * ; 

velocity of C= e fer. ce 18 
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OY Cor. * -The Ms velocity of 4 ba as „i deen 


velocity e, ou diſtance gs Ton augulat velocity of A, or 


FIG. 
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* mx 
B Ke. 5 SFF Ke. And the moment 
of a body being meaſured by the quantity of matter and velocity, | 
the ſum of the moments communicated to 4, B, C, &c. will be 
AxS4+Bx8B+CxSC, &c. x m x SV 


ARSE BRED + OR SC (ei cor je 


«uk to = 


Foz. Cor. 4. If A, B, C, &c. be collected in any point 15 6 the 
quantity of motion n them, in a given time, by the action 
ABT, &c. x S Lx 
ABA, &c. x SL. 
AX SA+ B% $B+ Cx Sc &c. x N SV 
(500) Ne n and con- 
AX SA XSB*+CxSC* 
ſequently SZ ANKE 8B 585 e but Ax 84 


+ BxSB+CxSC=A+B+C, &c. x S6, and SL = 


AX SA* +B x S8 ＋ Cx SC. 
— * 3 23 d _ 
TC Kc. 8 and L is the center of per 


of the conſtant force F at V 3 is equal to = 


cuſſion. If therefore any ſyſtem of particles be concentrated in the 


center of percuſſion, the quantities of motion generated in them, in 
a given time, placed in that point and at their reſpective diſtances, 
SA, SB, &c., by the action of F at any point /, are the ſame. 


SCHOLIUM. 


50 3. In the preceding propoſition and corollaries A, B, 05 In | 
are ſuppoſed to be unaffected by gravity, and motion to be com- 


; municated 


GYRATION; anp1O$CILLATEION. — 
municated by ſome conſtant external force N which is only re- 


fiſted by their inertia; but the rules inveſtigated are applicable 


when F is the force of gravity, or that force acts in conjunction 


with F: for during an infinitely ſmall time the force of gravity 
may be conſidered as conſtant. If a ſyſtem of bodies A, B, C, e. 
whoſe center of gravity is &, be ſuſpended from an horizontal 


axis paſſing through 8, the ſum of their efforts to deſcend is the 


ſame as if they were collected in G, and they will therefore de- 
ſcend till $G be perpendicular to the horizon. In any other po- 


ſition of S G, let GL repreſent the force of deſcent in a direction 
perpendicular to the horizon, and be reſolved into two forces, GE 
touching the arc, and EL in the direction of SG. EL is the 


tendency from 8, and GE is that part of the whole force of gravity 
which produces a rotation about $, and may be deemed conſtant 
whilſt. G deſcribes an infinitely ſmall arc, and is to be added to, 


or ſubtracted from, F, according as they conſpire TI, or oppoſe, 


each other. 


CENTER Or GYRATION. 


504. DBF. The center of gyration of a body, or ſyſtem of bodies, A, 
B, C, Sc. is a point V, in which, if A+B+C, &c, be collected, the 
ſame angular velocity will be generated, in a given: lime, by any con- 
Hhant force F, acting at any paint V in a given direction, whether 


ABA C, Sc. be collBled in V, or be at tbeir e ar e ; 


SA, SB, 8e. Ce. „ himin ee eee e e 


505. PROP. To find the center of gyration of the particles 4B; C;. 
Sc. which are connected to an axis Heling through. the point S, and. 
preſerve their relative tuation. 


* ? 
4 


. 


Let $4, S B, SC, &c. be the perpendicular diſtances of 4, B, C. 


cc. from the axis 


; and,-ſuppoſing the quantity ef motion gene: 
rated. by F, in a given time, to be m, their angular velocity is equal 
| to; 
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OO mx SV © ; 
er F BSN cn S0. &c, (501); and, "US 2 


＋ , &c, are concentrated in J, their angular velocity = 


A mx SV | 
FEST Ke: 72 But, from the definition of the center of 


ati mx SV ei > 1 
gyration, A x $.4* + B x SE Kc. ITF 


2 SB? ＋ C 
8 WEEN e ona ,and SY = the diſtance 
A SA*+B = SC? 
of the center of gyration from N - At FxC HS S 5 
&c. | 


- 


506, Cor. 1, If therefore p = a particle of a material ſurface 
or body, B, d = its perpendicular diſtance from the axis of ſuſpen- 
ſion paſſing through S, the diſtance of the center of gyration from 


the axis 1s equal to the ſum of all the 7 


507. Cor. 2. If any part of a ſyſtem of particles A, B, &c. be 
collected in their center of gyration, the center of gyration of the 
whole ſyſtem will continue the ſame; for the ſame force will com- 
municate an equal angular velocity to A and Band A B placed 
in their center of gyration. A, B, C, &c. may conſequently be 
conſidered as bodies of any magnitude, whoſe centers of gyration 


are the points A, B, C, &c. 6 


508. Cor. 3. Becauſe A+ B+C, &c. x S Ax SAL Bx 
SB* CX SC, &. = 4+ B+Cx8SGx8SP (489), therefore 
S$Y*=SGx8SP, or the diſtance of the center of gyration from 
the axis of ſuſpenſion is a mean proportional between the diſtances 
of the center of gravity and the center of percuſſion from that axis. 


50g. Cor. 


G IRA TION AND OS CILLAT ION. 2 
Fog. Cor. 4. If a ſyſtem of bodies A, B, C, &c: whoſe ſum FIG. 
connected as Js this propoſition, be ſtruck by a given moment at 
the point Y, in a direction perpendicular to a line SP, drawn from 
V through the center of gravity and perpendicular to an "axis 
paſſing through S, their angular velocity may be found: for, let T 


be the center of gyration, & the center of gravity, and the angular 


velocity of A. B, C &c: is the ſame, whether & be collected at , 
x $G x S 


or a body equal to yz (489), or —— A r be directly. 91 
oppoſed to the impinging body at the point Y. But 4 ee, 
&c. or & being given, and alſo the quantity of matter and velocity 
of the ſtriking body, the velocity of may be found by the com- 
mon rules in the direct impact of bodies (449). And the arc de- 
ſcribed in a given time by Q and the diſtance SY, being known, 
the angle which it ſubtends may be found. The converſe of this, 
or the velocity of the 1 impinging body, may be found, if 1 its quan- 
tity of matter, and Land its velocity, be n 


\ i 


510. Cor. 5. In a given ſyſtem of bodies A, B, C, &c. whoſe- 
center of gravity is G, if a circle be deſcribed from G as a center 
with any radius, and the center of ſuſpenſion & be in its periphery, . 
the diſtance of the center of gyration from & is always the fame; 
for $7" = | IE ROXIO Ox C, = hich | 

n AB Ke. „ Whic is @ given. 


quantity CHOY 


511. Cor. 6. If the ee of a diele S0 of ihe par- 
ticles A, B, C, &c. were to revolve about an axis perpendicular to 
its pane and Paſſing through its center, the center of * 


/AFBXT, &c. x rad. ET 
ABC 
radius. The angular velocity; is therefore the ſame as if all the 
matter were collected in any one point of the periphery; and if 
all the matter in a gyrating body is to be placed in the center of 
ren Y, it may be ee in any mant of the periphery of a 
Cc Circle 


vill be i in the periphery; for $ Fes = * 


rr ==. Koo es vr —_—_—_— = 


— 


* * 3 2 - 2 - * 7 2 3 bd 
rr = ALEC CBE 5 ICS. cn === 
 - — — — = — —— ᷣ ũ —— 
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— — — 


FIG. 
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center of oſcillation. 
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7 circle hoſe radius is SF, or collected into two equal FOES and 


placed in two points diametrically oppoſite to each other, and 
whoſe diſtances from S S; for then the center of en your 
Dan in 1 and Mov will 400 no. daten motion. 199 91 good \ 


: ” %. 4 4 ; q : 7 4 7 — 4 wy 
* , - 3 et © %as > . . 44 
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52. Dr r. The center of oſcillation of 4 Say 'or ſyſtem of bodies; 
A, B, C, Cc. connected to an axis paſſing through 8, and moving by the 
action of gravity, is a point, in which, if the body or ſyſtem be collefted, 
it, and A, B, C, &c. placed at their original diſtances SA, S B, 8 O, 
Sc. will deſcribe equal Artes at the axis in the Jane times. 1 


* 
18 * 
PF . $ 2 : 


51 3. Prop. Suppoſe A, B, C, Sc. to be l of a 300 N 


ed to an horixontal axis paſſing through 8, and afted upon by the force 


of gravity in a direction parallel to the vertical line SV, to find their 


Let $GO be drawn in the plane deſcribed by the center of gra- 
vity G, and O be the center of oſcillation, and the lines SO, SA, 


SB, &c. will deſcribe equal angles at the axis in-equal times. If 
the weight of A, which is as 4 (234), acted perpendicularly to SA. 


its moment would be 4 x SA: let this be repreſented by Ap, per- 
pendicular to the horizon, aud reſolved into two, Ag perpendicu- 
lar to SA, and 9p parallel to it, and this laſt being loſt, 49 is the 
only efficient part of 4's moment. But Ap (Ax SA): Ag :iSA 


: Aa (fim. triangles) and 49 3 I As 4 A x Aa; and 


the angular velocity of 4 generated in a given time is (501) 


Ax Aa 
ISA BN SB + Cx SC” 
angular velocities of B, C, &c. generated in the ſame time, are 
| —Bx6 


Kc. By a ſimilar proceſs the 


* This follows immediately from (279), for 4a is Lani to the petpen Mae let fall 
rom the center of motion upon the direction of 4's weight. 
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* 11-0 82-1 1: B'x,Bb OR 1 242 &c 1 ET C | 4 c. 


AN F F'? ESI ee 
When 4 We G,&c. are concentrated in O, the angular „ 


of © 0 TEA in the ſame time, would be as A+B+C, &c. „502 : 


its Ax Aa—Bx Bb—CxCr 
—= = 56550 (anten. therefore . F ＋ 1 5 5 Ber Gs 


=== 8 + ky | 7 —— gy 0 
8 b 80 but Ax e BB Comm ABC, &c. x 7 


AB. CxSC. 
= conſequently by ſubGirution, 8 $0= 7 BE T 8 755 * : 


18903 of v | — 
4 Þ * 


. % 


| e 7 13 se 
574. Cor. The diſtances of the e centers of oſcillation and per- 
AxSA*+B x 


A+B+C 


cuſſion from the axis are equal, each bein g equal to — 


S B2 HH C2 * 2 
R S on 
A tha *_ GB 

HT BTC &c. 
each other. If SG be infinitely great, or A, B, C, &c. move with 
equal velocities in parallel lines, GO 1 is evaneſcent, or the centers 3 
of. Sravuty. and alciliation. coincide. add} eaten? | 


N Cor. 2; It any number of particles be connected to an 
axis and revolve round it, retaining their relative ſituation, by the 
action of a force whoſe direction is in the plane of motion and 
perpendicular to the axis, the time of deſcribing any given angle 
is the ſame as if they were concentrated in O and ur ged in the 
ſame direction by the ſame force: and the points where the forces 


13 Fei 


; . 


act are transferred from A, B, C, &c. to O. But in the center of 


gyration Z, the ſame force is ſuppoſed to act at the ſame point, 


when A, B, C, &c. are placed at their 5 diſtances $2, 8B, 1 74 


Wy MEL and concentrated in 7. e e eee e e 


% * : 
. ; ny” p . A ' 1 1 » 1 1 hh 
* 0 L %. 4% $\\ Cx ait N 1411 WA d 4 * 5. A d 
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AX+B+ G,&, x00 


„&c. (490). nd 86 and 0 phe inverſely as 


. 


, &c.,, and conſequently. SG O equal. is 3 


3 
i 


® 
— 
. 
2 2 2 = — 
.. m ]⅛—⁵ul.J..... ee a En 


.M 


4k 

1 

| 

' 
2 
| 


RD 


— 


= _ CENTERS DS PERCUSSTON; © 


Y 546. Cor. 3. If A. B, C, &c. be bodies compoſed of. any num- 
Per of patticles, let I, m, u be the reſpective diſtances of their cen- 
ters of gravity, and p, 9, the diſtances of their centers of oſcil- 


lation fre m the axi ill be A 
I 0 Cl © is, and SO wi be equal to e. 


n. 6p rep 
ee r let a, b. en be particles of A. B 0 and X, 3s 25 their 
ow mel 4 N. 14 — 


reſpective diſtances from the axis, and, by this propoſition, $O = = 
. of all the A ſum of * ſum Of ex 22 | 


"$Gx A+ BX&C =, but the fums 
7 175 2 SX y* 2 115 | 
of all the 1159; — 775 are reſpettively i to 5. a r, and | 
conſequently, the ET SAS EE TR pxIx A+ 
e 


AB, &c. 


2 4 * » & 


0 


* rganq, and 80 = 5 


FIG. 51). Cor. 4. If A. B, C, conſiſting of a number of particles, were 
3 urged by a conſtant force F at the point V, as in (498): let 3, 7, 8, 
&c, be particles in A, t, u, v, &c. particles in B, and x, y, 2; &c. par- 
ticles i in C, and A=qg+r—+s5, &c., BST TA v, &c., Cr 
y+ 2 &c.; and the velocity communicated to / in a en time is as 
. „ ee 
qx8 g*+rx8 pr MU. $2. Kc. FN Z kuxS 1, &c. 3 2 N. 
but if P, p, be the centers of percuſſion, and G, 85 7 the centers 
of gravity of A, B, C, &c. reſpectively, then (489) 
1x S LSE 8, Ke. = SPN SG 4 1: Pig 
Xx SH Au SAU +v x8v% &c. = Spx$Sg x B 154 
xXx du + y nere ＋ ZX S, &c. = ST X Sy x C; and th 
| Fx SV= 


eat Ergccurce. 


velocity of Vis as F 5 


FIG. 318. PRO. F O be the center of * mow 4 axis * 

CLI. ſu ſpenfion paſſes through 8, the point S will be the center of oſcillation 
when the axis of ſuſpenſion paſſes N O, the plane of motion being 
fu oled to be unaltered. 
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 GYRATIONMND OSCILLAT: LON. 
Den. When & is the point of ſuſponſion, the diſtance, of; the 
center of oſcillation bene ee e grayity G, or G0 = 
AIX A= BN BGA _ „Ke. 5 (510 and wen the axis 


TC AX&BFC&. x86 
pales through O, the ene of the center of blelliation from 


C?\ + TI; ) +1 At, mt; +6 IIB 
WA9 0 e BBG. 10a een 

„c.; 
0 DS = ty. 114721; hes and conſequently. 86 60 
= D x GO and SG = D, and the diſtance of the center of oſcil- 
lation from 0 =&S0.. QE. D. 


519. Cor. 1. If two circles be deſcribed from G as a center 
with the radii GS and GO, the diſtances of the centers of oſcilla- 
tion from the points of ſuſpenſion would be the ſame in whatever 
parts of the peripheries they were placed; for S G, or GO being 
given, the other is given (491), and conſequently the times of 
deſcribing equal angles at the axis will be equal, if the points of 
ſuſpenſion be any where in theſe peripheries. 


520. Cor. 2. If the axis of rotation paſſed through the center 
of gravity G, and Y were the center of gyration, GY* would be 
Ax GA* + B GB*+ Cx GC* 
equal to —— n (505) = SG GO, and 
conſequently GO is a third proportional to SG and GY. 


521, Cor. 3. Becauſe SG x GO i is a given quantity, S6 + GO 
is the leaſt poſſible when the peripheries of the circle, whoſe radii 
are SG and GO, meet in 7, becauſe in that ſuppoſition SG= GO 
(note to 458). And becauſe in this caſe SO is the leaſt poſſible, 
the time of deſcribing a given angle at the axis is the leaſt poſſible. 


But becauſe GO encreaſes as G & decreaſes, the time of deſcribing 
a given 
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a given angle at the axis decreaſes and arrives at its limit when / 
and & coincide in the center of gyration V, and no point of ſu. 
ſpenſion can be aſſumed, where the time would not be greater 
than when the axis paſſes through 7. As GS encreaſes from G 
to infinity, GO is diminiſhed without limit, and the time of de- 
ſcribing a given angle, paſſes through S or O, is 
perpetually enereaſed. a fk OY 
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21 731 


n LEMMA. F. a fide AB 1 1 a 3 Ws ABC be di- 

vided into very ſmall equal parts, Ab, b c, cd, de, 
Ge. and retangular parallelograms be deſcribed upon them about the 
triangle, the ſum of the redangles is equal to the area of the triangle, 
wohen A hi b G Gi. are dim POS WI e . 


For the difference between the trian gle and the ſum of the 
rectangles, is the ſum of the triangles Aln mn ppegr, &c. which 


5 
18 edu 10 2 =© hen A a Wer N Ode: 


; : | 151. 


5323. PROP.* If a quieſcent holy be ated upon 255 Fe force in 
the ſame right line, and any right line AB repreſent the time, and LM, 


perpendicular to it, the velocity communicated in the time AL, Ze Jace 
NE in _ time an ww dae pe as 89 80 8 th, AGO, aſl; 


by 57 14 #78 — J 


. F3 


| Dan. SM 4B be Avided into we” Call PSs parts 45. be, 
cd, &c, and let the forces act only at the beginning of each part, 
and the velocity conſequently during each will be uniform. If 


the velocity communicated at A be repreſented by bm, the incre- 
ments communicated at 5, c, d. &c. will be each equal to bm, and 


conſequently. LM encreaſes in the ſame, ratio with AL, and AM 


is a right line. But the ſpaces | deſcribed in the particles of time 
Ab, 


| ® Keil's Phyſics, Lea. XI, Graves, Left. I. Ch. xIV. 'Muſchenbroek, Ch.VI.CLVIIT. 
Cotes de Deſcenſu Gravium. Morgan' 5 Notes to Rohault. Maclaurin's Phil. De B. II. 
Ch. V. Emerſon, p. 5, &c. 


FIG. 


CLIV. 


. - 1 
— — — — — — 2 — — I 7 


, 5 
CPU E ” 2 £ 4 
. — ——— — . ˙ - — — ˙ ꝛͤꝛ ——ñ—j— 


TS N 
Wi: 
9 


_— ——— 


— 


— — 


r YT ID. an -  - © AO 


4 - - 0 


A 2 — x — ; 
——  - \ -S— — —— ew —— 2? — — — — 
— p = SER 7 7 


— — — 
9 o —— - — 2 — — a. — 2 
1 8 


ICI 
— — 
> = 


— — 


— ——— 


— 


2 * — — £ h 4 — — — og "IE 
— _——_———_ P:: 
2 © > _—_ —-H—¼ ” We _ oo 7 on,” 


__ — 
PS — 7 = — ——Ü— — 
—— —_—_— — 


— — 


— 


— — — — — 


= > — — 
— 2 — — 


i — — 
— — — a 


— — 
— > — = 
— — — * 
— — 


ICID — 
—— 
— 


— 


— * * 
* — 2 


— —ê 


—— — — 


rr 


o 
_— a 

af 
. 


RECTILINEAL MOTION os BODIES. 


A b, be, ed, e f, &c. are as the rectangles Am, bp, cr, ds, &c. (107), 


and the whole ſpace deſcribed in the time A L, is as the ſum of 
theſe rectangles, which, when 45, bc, c d, &c. vaniſh and the force 
acts inceſſantly, are equal to the triangular area (ALM). Q.E.D. 


24. Cor. 1. If the velocity and time be repreſented by K and 
T, and be divided into very ſmall increments “ and T., 5 8 
number 1 is 25 inn 7 27. 


* A - | . * 
nn ” \ * — * « * * p : * 
" \ 1 ü © * k * 1 % 4 KS | 2 £5" 
N 7 - * N N 5 * * 


525. cor. 2. 1 7 7 and v, 7 eu correſponding velocities | 
and times; V: v: Ter and 13 — ; and, if for V a number of 


if © 
feet i deſcribed in:? Wu be ſubſtituted, F a = K.. LEE 


will be the number of feet deſcribed in ? by the velocity 2 oy 


K \ N 


526. Cor. 3. Whatever be the magnitude of the eonſtant force, 
the ſpace deſcribed, S, will be repreſented by a triangular area, 
and conſequently 5, or the ſpaces deſcribed by the action of differ- 
ent conſtant forces, are generally as Y x T, and, when numbers are 
ſubſtituted for Yand 7, S! Is equal to the product of == 4 0 In 
the ſame conſtant force; the triangular areas ALM and 4 B C are 
always ſimilar, and / and T are directly as each other, and con- 
ſequently S is as Y/* or T2. If therefore the time be divided into 
equal parts, the ſpaces deſcribed in theſe times are as the odd 
numbers 1, 3, 5, 7, &c.; for the ſpaces deſcribed in 1, 2, 3, 4, &c. 
parts of time, are as 1, 4, 9, 16, &c. and conſequently the ſpaces 
gn ro in the it, 2d, 0 &e. alone are as 1, 3 55 7. 1 

527. Cor. 


* This equation may be deduced from findi ing the fam of an F arithindesl progreſon let 


and 7 be increments of Y and 7, and S=>t+2+35>4...nxXL/'T== xX#F'T 
(becauſe z is infinitely greats. gag: conſequently vaniſhes compared with a*) = 3 27 wer 
LV x y Ve 

11 2 1 j 


RECTILINEAL MOTION or y BODIES.” 


527. Cor. 4. The ſpace which is deſcribed in any time T from 
a ſtate of reſt,/is half of that deſeribed, in the ſame time, with tlie 


laſt velocity, V, continued uniform: for, f in the firſt caſe, the 3 


hal ay; 526), and, in the ſecond, the ſpace = MT (107). 986 


——ů—— 


Fn * . * . * — 
- * . * * 
% . = %. ” C 1 l ” 4 A . 7 N - h . 'B © : 4 : > , 1 7 E 
I 5 2 7 C 8 g ' ; 8 , 5 | ; . k ; 8 * * 
: : ; q 8 I ' g 


528. Cor. 5. Ib body, prost with any velocity, be IN 
upon by a conſtant force, in a direction oppoſite to its motion, it 
will be uniformly retarded: for the force will evidently deſtroy 
equal parts of velocity in equal times. A body therefore Pro- 
jected with the laſt acquired velocity, will aſcend to the point 
from whence it fell, and the velocities in the aſcent and deſcent 
are the ſame at the ſame point. And, if bodies be projected with 


different velocities and reſiſted by the ſame conſtant force, the 


time that elapſes, 7, till the velocity be deſtroyed, will vary as the 
velocity of projection V; the ſpace will vary as the ſquare of the 
time 75, or ſquare of velocity Vs; the ſpaces deſcribed in equal 
portions of time, will be as the odd numbers in a retrograde or- 
der 7, 5, 3, 1; and, whether theſe retarding forces he the ſame or 


different, the ſpace will vary as Vx 7, and be equal to ED 


529. At the ſurface of the earth the force of gravity is conſtant, 
for a body deſcends through 165 feet nearly in the firſt ſecond, and 
conſequently acquires a velocity that would make it deſcribe 322 
teet uniformly in 1”; and this 1s found to be the velocity commu- 
nicated in every ſucceeding ſecond. Any of theſe quantities, 


ſpace deſcribed S, velocity acquired, or time 7, being known, the 
others may be Hiec wenka. 13 


1. The proper meaſure of velocity is the ſpace uniformly de- 
ſcribed by it in any given time: if therefore a body fall by the 
force of gravity for“, and acquire a velocity which would make 

D d it 


e 9 
20 _ 


210 REC TILINEAL MOTION or BODTES. 
| it deſcribe / feet uniformly in 1”, and 3a are the proper mea- 
ſures of the velocities communicated in “ and 1“ (106), and /: 
233 Pn“ (58.5), and T= anf. H= 3. 1 &c. ne 
V _ 2 X 32, 3 * 32, 4% 32, &c. feet reſpectively. 


= 


2. If V, or the number of feet uniformly deſcribed i in 1”, by the 
F velocity acquired in falling for an unknown time, be given, this 


time may be found ; for it is equal TH ſeconds, | If Y= 192 feet, 


M 


. 192 | 
the time of falling = 2 6˙ 


Mt | 2. If Y be the ſpace deſeribed in falling “, 16: 2: 12 e £26); 
17 ; and Y'= 16 x feet. If == 2, 3, 4, &c. ſeconds, Y = 16 * 22, 
14 16 * 32, 16 x 42, &c. feet reſpectively. Or Y may be found by 


44 knowing the velocity (V) at the end of the deſcent ; for T: 16 :: 
1 i kee e in, 
7 — 2. d T'= To N ex | 
4 V: 32 an 327. | © 4x16Þ 6 feet. I 8 192 
feet, . = 576 feet. 
65 57 


If Y, or the number of feet deſcribed in falling, be known, 
the time of deſcent, and velocity acquired, may be found; for 


Y== 16 x?'*, and conſequently 4 YT If == 576- 800 f= 


VIP = 24 = 6 ſeconds, And becauſe 1 — 6e * us. 


8167 feet, 7 =o FFOx8=agx8= 199 et. 


530. Paoy p. I bodies be acted upon by different conſtant . the 


velocities communicated will vary in a ratio 2 compounded of the forces 
and times, 


Let 


N 
[1 


RECTILINEAL MOTION or BODIES: 
Let 8, V, 7, repreſent force, velocity and time, and be ſuppoſed 


variable, and it is evident that the velocity will be encreaſed and 


diminiſhed in the ſame ratio with both the force and time, and, 
theſe being mdependent of each other, Y will be as F x 7 ww D. 


53 1. Cor. 1. J therefore is as P x T, and if F be compared with 


the force of gravity, or any other known force, capable of gene- 
rating a velocity equal to v in the time , then Y: v:: Fx 7 n f, 
and 1 

v n ere 


—— —— 


532. Cor. 2. Becauſe, in all conſtant forces, the ſpace. varies 
generally in a ratio compounded of the velocity and time, and the 
velocity varies generally as the force and time; the following ana- 


logies are general: 


2 
S is as V x T, or as Fx Taz, or as F, 


| 
T rates af or v7; 


FV varies as . or as VSX; and 


. #1122; BY oF 
8 or as — 
F varies as Fo or as , * 


If numbers be ſubſtituted for V, F, and 7; -or the number of feet 
deſcribed in a given time 1, by the action of any conſtant force F. 


be ſubſtituted for the force; the number of feet which would be 


uniformly deſcribed in this given time 1, by the velocity acquired in 


the timeT, =/; and T= the number of parts of time each equal 


to 1, contained in the whole time in which the velocity is com- 
municated: then (106) N and 2 F are proper meaſures of the ve- 
TRA acquired in the times Tand t, and V: 2 F:: T: 1 (525) and 

=2FxT; and ſubſtituting this value of in the general equa- 


a (S = — =), th the following general equations are deduced; 
Dd 2 8 
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533. Cor. 3. Theſe equations and analogies are applicable to 
all accelerating and retarding forces, ſuch as gravity, and to all 
reſiſtances that are conſtant and produce equal decrements of ve- 


locity in equal times. If the motion of a ball ſnot into a bank of 
earth or piece of wood, be uniformly reſiſted, and the magnitude 


of this reſiſtance compared with gravity, and the velocity of im- 


pact, be known; the depth, or ſpace through which it moves be- 


fore all motion 1s deſtroyed, may be diſcovered; and vice versa v. 


534. PROP. F a body deſcend down an inclined plane AB by the 
action of a conſtant force F, whoſe direction is perpendicular to any right 
line BC; F vill be to that part of F which makes the body — as. 
the radius to the fine of the | penal s inclination to BC. 


DEM. Let any given line LM, perpendicular to BC as 
the conſtant force F, in quantity and direction, and be reſolved 
into two forces, LN parallel, and MN perpendicular, to the plane; 
MN is deſtroyed by the reſiſtance of the plane, and LN is the 


whly part of F that communicates. motion to the body; therefore 


F: 


* EXAMPLE. Suppoſe a refiſtance were equal to the reſiſtance of gravity F, when a 


body is projected perpendicularly upwards, multiplied into any number , and all mo- 
tion were deſtroyed in #”, then & (being equal to the force multiplied into the ſquare of 


the time) K “. If the velocity of projection were ſuch as would make a body 


8 F and 
deſcribe F 20 in a ſecond uniformly, then & (being equal to — 7% =) = =IE TK 16 


2 45 


2 a ta 
N If the ſpace deſcribed and force b: known, then the time is equal to 7 * 


and the velocity VSK & 64 feet. 


_ REQTILINEAL!MOTION or BODIES. 
F: that part of F which makes the body move (4) :: LM: LN: 
4 gr __ e r rad. : fin. of ABC. QE-1 De. 1 75 


62 5. "Tee. » 1. F is to that part of F which. IS e, by the 
reaction of the plane as LM: MN :: AB: BC (ſim. trian gles) :: 


radius: coſ. ABC; and conſequently the part of F, deſtroyed by 


Fx col. Z ABC 
the reſiſtance of the plane, = 


upon the ſame, or parallel, planes, and upon different planes, not 


. if F be given. 


—— 


parallel, varies as the 


536. Cor. 2. Becauſe the accelerating force LN = 4 = = 


and F 1s given, A is conſtant upon the ſame; or parallel planes, 


and, upon different planes, inclined in ane angles to BC, it 


varies as the height divided by the length, or as 2 vg H the. 


perpendicular height and L the length. 


537. Cor. 3. Becauſe the force upon the ſame plane 18: conſtant; 


the analogies and equations in (526) are applicable to the motion 


of a body upon the ſame plane; and the analogies and. equations 
in (532) obtain when bodies move upon different planes. If BC 


be horizontal, and F be the force of gravity, then the ſpace de- 


ſcribed upon. the. plane in ee 
| . 2 EX TXE 322 XF 


. L. 
et 3 and 717 K 5 


538. Becauſe the ſpace deſeribed'! 18 generally as the force mul-- 


tiplied into the ſquare of the time ( 532), the ſpaces that are . 
| eac 


* which 1 18 conſtant 
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each other as the forces muſt be deſcribed in the ſame time, or 
when & is as F, T is given. If therefore two bodies deſcend at the 
ſame inſtant, one down the plane A B, and the other in AC per- 
pendicular to BC, and CP be drawn perpendicular to AB, P and 
C are cotemporary poſitions of the bodies; for AP : AC:: LN: 
LM:: A: F, that is, the ſpace is as the force, and T* and T are 
given, If the diameter AD of a circle be perpendicular to the 
horizon, a body will deſcend through it, and any chord AP drawn 
from its extremity. A, in the ſame time, becauſe the angle AP D 
is a tight one; and the times of deſcent through all the chords 
drawn from 4 are conſequently equal to each other, 


539. Cor. 5. The velocities acquired in falling down different 
inclined planes, are as the ſquare roots of their perpendicular 
heights ;' for V 1s 1 00 as the ſpace multiplied into the force, or 


2 (536) or as H, and / is as V; this alſo 


follows from art. 5 37. The velocities therefore acquired in falling 
down the perpendicular AG, and any planes AB, AE, AG, &c. 
drawn from A and terminated by the baſe CB, are equal to each 
other. And becauſe is always equal to 24 * T, and in this 
cor. / is given, the times of falling are as the forces inverſely, or 
as the lengths of the planes. Or becauſe 5 is as V x T, and V is 
given, Tis as S, that is, as the length. 


as L x A, or as 


540. Cor. 6. The times of deſcending through different planes 
are as the lengths directly and ſquare roots of the heights in- 
verſely; for the time is generally as the ſpace ory directly 


＋ 
and laſt velocity inverſely (532), or Tis as 7? or as — — >= (laſt cor. ); 


this alſo follows from art. 537. The times 8 at deſcribing 
different planes, equally inclined to the direction of F, are as the 
ſquare roots of their lengths; for H 1s as L (ſim. triangles), and 


OE LS — is as . or as V L or . 111 
541. PROP. 


\ 


RECTILINEAL MOTION or BODIES. 


541. PROP, The velocity acquired in ; falling down any number 0 
contiguous planes, ſuppoſing none to be leſt in Paſſing from one plane ta 
enother, is equal to the velocity acqui "Os in n "g dium the Jens Mr 
malen We | | | R 


© Dew. The velocities acquired i in falling 8 AB and EB, 4 B 
+BC and EC or PC, AB+BC+CD and PD, or down the 


perpendicular PR, are equal (539). Q.E.D. 


542. Cor. The velocities, acquired in falling down any ſyſtems. 
of planes, are therefore as the ſquare roots of their perpendicular 
heights; and if the body be projected from D with the velocity 
acquired, it will aſcend through this or any other n of m_— 
to the ſame perpendicular altitude. | 


| . PROP. The velocity loft in paſſing from any Foy to the next, 
15 to the awhole I as the fine of the _ os heir inclinarion to *. 


radius. 


DEM. Let CB repreſent the velocity acquired in falling down 
AC, and be reſolved into two, CP coincident with the plane CD, 
and BP perpendicular to it; and' this laſt is evidently deſtroyed 


by the reſiſtance of the plane: but BP: CB:: ſin, of PCB or 


4 PCA: radius. . D. 


544. Cor. 1. CB: C credit upon the plane oy e 


coſine of Z PCB or PCA. If the angle AC D become equal to 


two right angles, or ACD be any circular arc, CP and CB coin- 

cide, or the velocity loſt is equal to nothing; and P LNey a 

body moving in any circular are ſuſtains no loſs of veloeity by 

changing the direction of its motion; and a body, projected with 

the velocity acquired, up any Merſey: aps es: Wy mile to 28 fame 
height from whence it fell,  - 

| v4 6. Cor. 


FIG. 
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FIG. 
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545. Cor. 2. If 40 be any circular are, the velocity acquired 
in n falling from A to D is. conſequently equal to that acquired in 
falling through the ſame perpendicular height; and the velocities 
acquired or deſtroyed in deſcending or aſcending through two 
curve lines are as the ſquare roots of their perpendicular altitudes: 


for every curve may be conſidered as Dun of an indefinite 
number of inclined planes. Rhe 


La; PROF. The times of deferiting t. Glems of inclined planes 
AB CD and a bed, whoſe number, inclinations, and ratios of their 
lengths are the Jame, are to each na as the . roots 4 the 90 75 


_ of the Planes. 


DRM. Becauſe the planes are equally inclined to the direction 
of the force, the time of falling down AB is as VA B (540), or 
as VEB, or V EC (hypoth. ), or as the time down EB, or EC; and, 
dividendo, the time of falling down BC, after having fallen down AB 
or EB, is as VA; conſequently the time of falling down AB 


+BCisas VAB, or as AB + BC, &c. : for from the ſuppo- 


ſition V AB : Vab:: vVAB+BC: Vab+bc, &. QE. P. 


547. Cor. 1. The times of deſcribing ſimilar parts of ſimilar 
curves, equally inclined, in ſimilar parts, to the direction of the 
force, are as the ſquare roots of their lengths. 


548. Cor. 2. If two bodies vibrate in ſimilar circular arcs, the 
times of performing theſe vibrations are as the ſquare roots of the 
lengths of theſe arcs, or as the ſquare roots of their radii. 


SCHOLIUM. 


549. In the preceding propoſitions and corollaries, inclined 
planes and bodies, deſcending or aſcending upon them, are ſup- 
poſed to be without any aſperities upon their ſurfaces, and the 


b are ſuppoſed to move by the action of a force in a given 


direction, 


- ! : : *% \"_ 1 ; * a4 7 As oa bo - — 7 "> 2 * , 
* [4 J * A + dis 4 ba - N 5 a" ny 822 3 L 6 1 = n ; | 4 dA «7 . * 5 
15 1 ty *. * ro — : 3 A * K* WT N P 1 * 3 . 8 b „ F "IF _ a Ars * + 1 Bod 
3 n . nnen en ONE MEN EY n * Ma W + 1 ii - TWP $3 * "My 5 * * as 
y - 4 8 * * ol 24 * 5 —_ \ A 23 \ r L ty ya by . * 1 > d , 0 N * 9 
1 * I [4 4 * * 3 1 * . 4 5 N — "IP =” n 7 1 | ve TW x * x % C 1 * vx \ . » * * © ? 
s * 12 — 1 n A f © 
v (L 4 k F 7, - = 
-O - 


 _ RECTILINEAL MOTION or BODIES. 
direction, without any retardation from friction, or rotation about 
an axis. In this ſuppoſition, the tendency of each particle of a 
body to deſcend, when im "_ by the force of Paci, is equal to 


the particle Wee into 1 = and the n of the body W is 


| equal to 1. x 2. and; is the fame a as if! it were collected in its cen- 


ter of gravity, But if the parts of and the inclined plane ad- 
here together, the force of this adheſion muſt be eſtimated and 
allowed for in practice. It be a ſpherical body, and the parts 
of its ſurface in contact with the plane adhere by the preſſure of 
W upon it, their tendency: to deſcend will be diminiſhed by this 
adheſion, and conſequently they will be regreſſive with regard to 
the center of gravity G, and revolve round it. The abſolute ve- 
locities of different particles in V, and conſequently their accele- 
rating forces, are different; and the tendency to deſcend of the 
center of gravity is diminiſhed by this motion of rotation round 
it. The angular velocity of every particle round G is the ſame, 


and the ſame as if all the particles were concentrated in their cen- 
2 


ter of gyration Z, or a body whoſe magnitude is xc were 
collected in 4 (498). 


550. PROP. Suppoſe the ſame ſpherical body to flide and roll down 
the ſame inclined plane, to N the ratio of the forces acting upon it. 


From the nature of the circle, the initial regreſlive velocity of the 
point A is equal to the progreſſive velocity of the center of the ſphere, 


or center of gravity G; but the regreſſive velocity of a body whoſe 


magnitude 1s 8 a — placed at A (laſt nn); would be deſtroy- 


ed by the action of a force i in a contrary direction equal to 7 Z; and 


in this caſe G would not be impeded by the regreſſive motion of A. 


but G and 4 would ſlide down with equal velocities; conſequently 
: E e . | the 
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the force "Riog-ypon: hen ĩt ſlides: he: nar it 1 6 


down, the bine; 1. . 0 "Oar" ap Hp 


: „ 


551. e If 7 center of gyration be | found, 20d Gr, and 
GA be expreſſed in numbers, the ratio Sw theſe forces will be e ex- 


ren e e d "Sift N 708 


$CHOLIUM 01 


552. In the communication of motion by the external applica- 
eation of forces ſuch as impact, protruſion, &c. their magnitude, 
or capacity to communicate motion, is not always meaſurable by 
their cotemporary effects; but in this chapter every particle of 
matter is ſuppoſed to be impelled by a force, ſimilar to that of 
gravity, with the ſame intenſity in parallel directions, which will 
conſequently communicate the ſame velocity; or change of velocity, 
to bodies of different magnitudes, whether quieſcent or moving. 
The magnitude of theſe forces at any inſtant, or the magnitude of 
their accumulated action, is meaſurable by their cotemporary effects, 
or by the velocity generated or deſtroyed in equal times; for the 
increments or decrements of velocity, produced in equal times, by 
the ſame conſtant force, being equal, the whole velocity is en- 
creaſed or diminiſhed uniformly ; and when the forces are unequal, 
the changes of velocity being as the forces, it is evident that the 
velocities are proper meaſures of the intenſity of forces, and will 
vary as the forces multiplied into the times in which they. are ge- 
nerated or deſtroyed. And the magnitudes of variable forces, 
whole intenſities and cotemporary effects are perpetually encreafed: 
or diminiſhed, are meaſured at any inſtant of time by their con- 
ſtant action at that inſtant, or by the velocities which they would: 
produce in the ſame time were their intenſity conſtant during 
that time; and the magnitude of their accumulated actions for 


any finite time is s mcaſur ed by the addition of theſe cotemporary 
effects. 


553. ee 
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F 


45 3. . pPzop. / F, V, T, repreſent any finite variable Force, velboi 
and time, rſpecti vely, and V. 7. be ay a K __ of V is 15 
n * T. ae 


My 


| Der. The force F being GV s finite, and being Khotler to 
encreaſe or decreaſe according to + ſame law, an encteafe or di- 
minution of it in any finite time muſt be finite, and conſequently, 
in an infinitely ſmall time, evaneſcent; compared with the whole 
force F, which therefore may be conſidered as conſtant during the 
time F in which 7 is generated or n therefore $30) 7 
varies as Fx T. QE. D. 


554. Cor. 1. If / be the og. of 1 . or the change 
of velocity generated by F at any inſtant, ſuppoſed to act con- 


Ragtly for w_ time 7 & will therefore vary a as F 7. 


— 


555. Cor. 2. 7 i is dietary as Fand Pas, 4 and the en 
of any two being n. the other may be found; and becauſe T 


DER Via Fu. 


556. PRory If any right line A8 reprefont. the time, and OR be as x16. 
the TTY at my fon nt g. 44 changes UA velocity at O 1010 be as the area AR. CLX. 


&4 5 


DEM. The increment of velocity Vis as Fx 7. or as AB x Ap 
or as Ag; and the next increment of velocity is as ps; and the 
ſam. of the increments, or the whole change of velocity, is as the 
ſum of theſe areas; conſequently the velocity communicated in 
the time 4 1 is as A R. „ D. 


(0 4304 7 


5 Tr. Cor. 1. If the time in acquiring any given. len 5 
known, and the areas AR can be ſquared, tlie velocities commu- 
nicated in any other time AO may be found; and vice versa. 


oh | 558, Cor, 
* ® Newt. Piin. Tom, I. Set, VII. Euler's Mechan. Ch. IIR | 


E e 2 
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+558. Cor. 2. If the force F be finite, and the time Ap infinitely 
ſmall, the increment. of velocity, Ji 18 evaneſcent; becauſe. 4 B x 
Ap Da finite quantity multiplied into one that is evaneſcent = 0; 
and conſequently the increment of velocity, or 7, is infinitely 
ſmall, and no finite change of velocity can be generated by F in 
an inſtant. 


1220 5 


559. Cor. 3. If the body adend- or deen, and the velocity b be 
as the time in which it is acquired or deſtroyed, the force is inva- 
riable; for, from this propoſition, the change of velocity is as 
AR, or as AO (hypoth.), and conſequently AR is a rectangular 
parallelogram, or OR 1s conſtant. 


FIG. 568 PRO. FPO 3 the ſpace de Seribed by tbe alien of 4 

CLXL. force tending to S, and the ordinate OR be the relative magnitude of 
the force at the pornt O, the velocity, V, acquired at O wi a Wy in a 
ſulduplicate r ratio hy the e ng area PR. 


4 


Dr M. Lot V, F. $, be the dn Fa and ſpacn, ren 
reſpectively, and becauſe Vis as Fx T (554), and T is as £ 75 is 


as Fx &, or as PB x Pp, and the fluent of VIV, or i as: 
the fluent of PBx Pp or PR, and Vis as IPR. QE. =” 


- 
* 5 


561. Cor. 1. If x be the diſtance of the moving Wear from the 
center of force, 5, and the force be as any power of the diſtance, 
whoſe exponent is 2 — 1; FP is. as Bx.—x, or as — * x; and 


-£ — 


5 is as —— + correction: but when / o at P. x SP g. 


07 ; therefore the correction = Za and is as *. P=3". 


—_ 


: 562. Cor. | 
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$62. Cor. 2. If the force be conſtant, or » = 1, then V being 


as Vp. is as Vp &, or in a ſubduplicate ratio of the ſpace 
deſcribed, either in acceding to S from a ſtate of reſt, or receding 
from S till the velocity be deſtroyed. The fluxion of the time 7 
is as the fluxion of the ſpace directly and velocity inverſely; or as 


ee , and Tis as 2 ; T. and when '=0, 
| EY ek; 


ſpace deſcribed from reſt, which coincides with art. 526. 


oz; therefore 71 is as the ſquare root of the 


563. Cor. 3. If ** force vary directly as * diſtance, or a 2, 
then Y varies as Vi x, or as the right ſine of a circular arc, 
deſcribed from & as a center, and radius equal to SP or p, whole 


verſed; fine is the ſpace deſcribed. And deſcribing this circle, the 
0 
flux ion of the time T 18. as . or as * or as 5 Eu. OG * 


and the fluent-T 18 as the fraction 7 7 which isacanſtant quan- 


tity. If the force therefore vary directly as the diſtance, tlie times 
of deſcent to S from a ſtate of reſt are equal wherever P be taken. 


564. Cor. 4. If the force vary inverſely as any power of the:di- 


ſtance, or n be negative, or leſs than 1, let this power be expreſſed 
by th be 13 and Y is as men war 
y the. num r - -i; an == "7 ( xp 


AE 2 = If the force be inverſely. as the diſtance; or 1 0% 


_ this e does not ſhew.the variation of velocity. If the force 
be inverſely, as the ſquare of thediſtance, or nr, V. is as 8 | 
Vn px x”. 


or the velocity is as the ſquare root of the ſpace deſcribed e 
and inverſely as the ſquare root of the diſtance from 8. 


1 or as 


56 5. Paor.. 


FIG.. 
CLXIL. 
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DIY G, 565. Proy. the ordinates PB, AL, OR, be always proportional 

70 the forces at thoſe points, and the force at A, continued conflant through 
= 1 the ſpace AM, communicate a velotity, V, equal to that acquired by the 
= body at O, deſcending by tht variable force, the area. P R will be equal 
to the rettangle AN, and the body muſt have fallen from P. 


. " . 
. 8 1 
4 mY - T*% Y „ 7 N _ 
& _ > ,, L | * * — SS „ | | 
* 


DEM. Let dᷣ and be the fluxions of the velocities communicated, 
by the variable and conſtant forces reſpectively, in any periods of 


their deſcent; ; and : Vi: = __ 2 2 (555), 


and v:; VV: PB PO: 44 and, taking the 
fluents, v2: Y* :: PR: AN. If therefore v =, the areas PR 
and AN are equal, and the body muſt have fallen from P. 


| 566. "I . If the areas PR and AN be cqual. the velocities, 
acquired by the action of the conſtant and variable forces, whilſt 
the bodies deſcribe, from reſt, the ſpaces A M and PO, will alſo 
be equal. 


567, Cor. 2. Becauſe the areas AN and PR are always equal, 
when the velocities at M and O are equal, their increments Or and 
Mn muſt be equal; and if F be the given force at A, and y = the 
ſpace deſcribed 4M, F xy = Or = OR x Os = the force at O 
multiplied into the fluxion of the ſpace. 


568. PROP. 77 a body be attracted towards the point 8, „ forces 
which always vary as chit power of the diftance whaſe exponent is n-, 
and begin to move at any gi ven diſtance 8 P, it is required to aſſign the ' 
velocity, V, acquired in de eſcribing any ſpace PO, ſuppoſing the 2 
tude of the force at any given diſtance SA to be Enoton. 


Let. 


RECTILINEAL MOTION 'OP BODIES; 


Let the magnitude of the force at unt. . e 
vity as F: 1, and let 5 


,, ; 


SP =þ, © 
SO nz; and, from the ae - 5. force at any Shak 


O: Xn *, and the force at O . But, if y be the 


ſpace through which a body muſt fall, when acted upon by a con- 
ſtant force equal to F, to acquire a velocity equal to that at O, 


Fx - 


from 567) Ex an re, and the fluents are equal, or 
Fxy= = + ne but when Fxy vaniſhes, * b. 


and conſequently the 40. eorrected = RE. But if s 


be the ſpace deſcribed by the force of gravity in 1”, or any other 
given time 1, and the 3 of gravity be expreſſed by 1. * == 


4 s Fy = ,/ benin . QB. L 


22 —— 


569. Cor. 1. If the force be as ſome negative power of the di- 
ſtance, or n — I = -, then F: the force at O:: a : , and 


F X K  PFBxx®x% 
the force at O —= ; the fluxion of Fx y = - —> and 
| Px 1 Fx a Far 
its fluent = — + cor. — — 
— Xa | 1m A 1,9 
— _ —— = Q<=-= 
X a” X a 4x 1 1 * a" X m—1 — 
us P nd 7 4 P 4 


— — a 
1 1— 1 * K 


5 70. Cor.. 


Let f = the force of gravity,. 
s = the _ deſcribed by the conſtant action of Vin * * = 16 feet nezely, ane 
v = the velocity acquired in falling 10; and 


2: , FN xf and V = HEEL, but if f=1, «= 3+20d J* = 4 bRy ad) 


K = Ye 


RECTILINEAL MOTION or BODIES: 
"590. Cor. 2. Peeauls tee urs gen gente, Vva- 
d Fr. enn a 


571. Cor. 3. If the body deſcend to the center, or x = o, and 
: the force vary according 19 any direct law of the diſtance, or in- 
verſe. law leſs, than the ſimpſe, that is, if be any affirmative, 


whole number, or fraction leſs than unity, V. 8 Et 2 


a real finite quantity. Let the force be 2 that power of x, whoſe 
exponent is — , I, 2, 3, &c. or 2 ==4, 2, 3» 4, &c. and F = 


45 F x ps 45 F x p 4 FN = 1E 
Vet +? RE m 5 7 * 


3 ** 4* 45 
552. Cor. 4. If the force be inverſely as the — or o, 
and the body deſcend to the center, as before, = Ip 65 = _ 


is infinitely great. If the force be inverſely as the ſquare of the di- 


ſtance, or = — 1, F and Py f cor. = 


IS 


DE em op „ and V = VA Fa? — -» From 

hence it appears, as before (564), that the velocity v varies as 
/PO 
Vs 


' 573. PROP. Suppoſe a body to be i mpelled by a force varyiug as that 
power of the diſtance from the center of force 8, whoſe exponent is 
n f, it is required to gn the time of deſcribing any ſpace P O, ſup- 


poſing it to fall from a ſlate of reſt. 


The fluxion of the ſpace S = - x J, and conſequently J is 


equal to the fluxion of the ſpace divided by the velocity = — 7 


RECTILINEAL MOTION oF BODIES: 


£4 * Vina" 4 49a 
==; and the time is "_— to the fluent ot 4759 


FR nate 


Hx na” | CG at, 1 1 
V4 45 F xp — | 6; ; \ | 2 LIT” + 


« ny "= * AN ._- 
PESTS —_— en 


Us #* 


a oy 


374. cor. 1. Let the force vary as the diſtance from then center 


* into the fuent of 


of force 8, or n= 2, and 129 2 4 
IP 


= — == cor. = length of a circular are, whoſe radius is unity. 
and right fine =. 1 the time vaniſh, or x = =, the cor. = length 


12 


of a circular arc Whoſe Kae SI 1 and right fine * 55 or 1. 121 there- 
fore = : A quadrantal arc ; cm the time of deſcribing any 


[2 / 2a 
ſpace PO is equal to Vi. — _ into a quadrant — into the 


are whoſe right fine | is 7 the radius being unity. When the body 1852 


t . 4 
into a quadrant. If the radius of the circle r, and a quadran- 
tal arc of that circle = Q, the quadrant of a en whoſe radius 


deſcends to the center, na 7 o, the time is equal to cr 


18 unity = 8 and the time of deſcent to S 7 r « B=a — 


given quantity. 


— —ͤ—— — — np . - 
== * - 


: $7 $- Cor. 2 2. If the force * e as the e ſquare of the di- 
_ Rance from 8. then 7 ee and F = £ 85 
9 Ve 


2 — 
Pr = 


226: RECTILINEAE MOTION or BODIES: 


CLAVI. 2 75 en j and T = hi — X into the fluent of * N 


U With; SE or p as a diameter, and from the center C EM: 


feribe a .circle, and the fluent of x * is as, «the a area PRs; | "Id 


r 
this area = = = ſeftor PCR + the triangle SRC Dare PR. X 2 OR 


S 
X ra and the guxion of the area = Rr+mr (PR+ OR) * = 


| FxCR ** 2 (fm tran CL, 1 2 N 
5 +: E SSA Ol”: hai fo 


Af * — x and. conſequently the fluent of WE * 


N P 5 
| 787 Ia 2 * are PRA Ine OE. „ 


18 given, the time of deſcribing PQ varies as P R＋ OR,. or 28 


1 


PRAEOR x er as the area. PRS. 


EIS. 376. PROP. Ja body begin to fall PI A, it is required-t0. deter- 
CLXUL. „ine the Jpace AO rough which it muſt de ſeend, when impelled. by. a: 
force varying as. that power of. the: diſtance: whoſe. exponent is n — 1, t0. 
acquire a. velocity, V, _=_ to that communicated, whilſt. the body de- 


— — — 12 
* N 2 1 
_— —  —— _— — — 
= e , = ; _ E 
= — — 


— —— 
32 


roi; ed 


_ 
2 bes. a: es equal to , by the conſtant aftion of a force equal. 70 


— — 
— — Z - * 
* _ A = * 


= 8— 


— — —- 
2 
* 


* 2 — — = 2 * 
— — = = — _— —_—" 4 _ * — — - * — = — 9 — 2 — — — py 2 8 — — — — — _ — 4 E —— T = — pr = 
& 2 2 _— ad 2 — 7 * 
— — —— —— — — — — — — — _ * * a * — I. = =o a} > — * —— — = — A — * o — 
. — — — - n = 2 * 2. — = = - ba % * 
— 2 = cm = * * 2 — —— * — 32 2 Some > = — —— —— a — 
— — . —— o > * © 32 pays . 
* Ni > * _ * = _ 
— 8 
— - T - as — — = 
— — 5 pg * 
1 
- 
- - 
. 


— 


> Ft c — 4 — 2 = . : — TO: : = - 
— —_ — „ — — — — 7 \ © _ - a — — — 8 — —— E42 =- * 1 
—— —— Xr * — 5 — = —— — - - — — — — — I" 220-2 — — —̃— 
— 2 — — — —— n — — — — — — 2 — — — — 
« F 
— — — — 2 
— — — — — 2 * 


— == 
= 2 „ =_ —— — 
— —— — — 
_ _— 


Let the force at A 1. 
SA=r- 
SO = x, And the 3 at A. or E: the force. at: 


& 


* 


and * the force at A. 


—— _ 
— 


— 


: : , and the force at Q = 
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* ; 
* a 2 cor. = 


= e 8 N 
and g. = , and x = = A Q. E. I. | 


** = N 
5 107 


577. Cor. 1. If the "REN vary directly as the PIER from the 
center S. or n 2, x = . 2 = 0, and the body muſt-fall 
to the center to gue a velocity equal to that acquired in de- 
beending through fe 5, when acted upon bya conſtant "OY * 


x % 
to that at 4. K 8 
+ * CY * k N * - „ &* T * k #3 
— 8 : 


578. Cor. 2. If the beer vary inverſely as the diſtance, or 
2— 0's 
1 o, e =; 2 , which expreſſion does not ſhew the va- 


lue of x: but it may be. found by the following procels. The 
force at A or 1: : force at O:: x : r, and the force at O = 5 and 


x | 
=p xflu, — *=1 x— hyp. log. of x + cor. flag · of x 


7 


"i 


353 
+ 7 x log. of r x log. of =. 


579. Cor. 3 „ the force vary ln as the ſquare of the di- 
2+ Ir 


ſtance from S, or n = - 1; x = — Ss == x7, and the 


body muſt fall through a third of the diſtance SA, or to n. Tf 
the force vary according to any law therefore between the direct 
ſimple and inverſe duplicate ratio of the diſtance from 5, the body 
mult. fall to ſome intermediate ſpace between $ and n. If the 
force vary as that power of the diſtance inverſely, whoſe ex- 

F f 2 ponent 


7, 


8 A — 
— — — = 


, FA 
: — * 


— ＋ * * — 2 eo ag 


* a r Sos 


| RECTILINEAL MOTION os BODIES. 
2+2-*x7 | 


"=: 


| ponent is 3, 4, &c. or 4, 3. Sc.; then * 


dee an a BET, the 
* Kc. = =, N Gee. and the ſpace fallen 


: + this: 


55 


Ls 


ne 


4 - oy „ - — 


4 


'': 580. PROP. Suppoſe the force at A to be 1, and in other places to 
vary as, that power of the diſtance whoſe exponent is n — 1, it is re- 
quired to determine the height to which a body ww: 7/4 aſcend when aFed 
aporn by this variable force, and Prefected from A in the direction SA 


with a velocity equal to that acquired in falling through > — „ as in the 
laſt propofition. 


Let B be the place to which the body aſcends, and the force at 
4 or 1: force at any other point O:: : x", and the force at 
>The 


O —= —— = But if the body were impelled by a conſtant force 


equal to that at A, it would aſcend through a i ſpace equal to 2 - 


and (567) © 27 L = the fluent of = cor. — 8 


5881. Cor. 1. Suppoſe the force to vary directly as the diſtance 


from S, OF 45 23 then — = 2 and. * (= . 17 


1 
þ d- EE 2: 2 22 & I. 


582. Cor. 2. i the force vary inverſely as the diſtance A 


Bo : | 
2 o +21 x7 
or #= Oy © * = — which expreſſion. does. not ſhew. the 


Mag 


RECTIIIN EAI MOTION or BODIES. 


magnitude of X; but it r be determined by the proceſs in 


(57). 
53 3 Cor. 3. 11 the bree vary GL as the 33 of the > 
ſtance from 8, or ==, then * =: Dx | = 27 = 8D. 
N 


If the force therefore vary according to any law between the di- 
rect ſimple ard inverſe, duplicate ratio of the diſtance from S, the 
body will riſe to ſome intermediate altitude between B and D. 
If the force vary inverſely as the cube of the diſtance, or n= — 2, 

2— A= X 7 | 2 * 4 


then & = — 3288 — 
15 21 ; Eg MO... 


and 1 is infinitely great. If 3 


fore the force vary according to a law between the inverſe dupli - 


cate and triplicate, the body will aſcend to ſome intermediata 
hs between D and infinity.. 
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BOD. or number of Bodies, connefted to a right line 
| = SP, and mobing about a point S. teln ch: ze Gd | 
ed, by the force of Wenn 4 W 17 85 1 


— > 3s 


58 5. * F. The motion of a pou in the 2 SHE rb a 
Nate of reſt, till it var to return in an eee it one Wine 
tion or oſcillatian. 9 1014 bir 9185 
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586. Cor. The velocity acquired in deſcending from P to V, 
ſuppoſing SY to be perpendicular to the horizon, will make the 
body P deſcribe an arc Vp, whoſe perpendicular altitude is equal 
to that of YP (542), and the motion through V is equal to one 
half of a vibration. And becauſe a pendulum, compoſed of any 
number of bodies, will perform a given vibration, or equal parts 
of a vibration, in the ſame time as if they were collected in their 
center of oſcillation (512); a pendulum compoſed of any number 
of bodies may be reduced to one, where one body 1 15 connected to 
a right line SP, and the length of a pendulum is always under- 
ſtood to mean the diſtance between the centers of oſcillation and 
ſaſpenſion. 


587. PROP. V4 body vibrate in a circular arc PV p. that part of 
the force of gravity, which accelerates and retards it, varies as the 
right jo Jon ne of the arc intercepted between the body and the loweſt point. 

DEM. 


* Keil's Phyſ. Lect. XV. Helſham, Lea. X. Muſchenb. Ch. XII. CCXCVII. Mac- 
laurin's Newt. Book II. Ch. V. Emerſon's Mechan. Prop. XI. Hugen. Horol. Oſcil. 
Part II. Prop. XVI. Rohault's Notes, Part II. Ch. XXVIII. 


PENDUnOUSG MOTIO N:i 1% 16. 
DM. Let the force of gravity be repreſented,” in quantity and 
| direQion, by a given line L perpendicular to the horizon, and 
be reſolved into two forces, L parallel te the ſtring SP, and 
PM touching the circle in P; of which LM is the tenſion of the | 1 
ſtring and has no effect upon the body's motion, and it is accele- — 
rate and retarded by PA. only; therefore the accelerating, force | 4 
(A): force of gravity. ( (G) t NM PL: PN: 8 * (ſim. triang. * 


ae 55 and. conſquey 4 varies PN. ! D.. 


„ 
by 
- 1 


388. Cor. 1. The toll at Fe Pitt 5 Was to Wit c- 
quired. in falling through the perpendicular altitude VD (541), 
and varies as V, or . NHD, or Ni x ar DNS, 
or P: ( and being chords of the ares PV and 
2), or as the right ſine of a circular arc, whoſe radius is the chord 


Hl, and verſed ſine whe uſlerence! Om the chore BE: ad an 


ws” A . es 
| 1 N. * 881 * (115 inv | 5 


589. Cor. 2. If the arc 1 1 cippoledequal; to: two inclined 
planes mn and n V, touching it at m and J, theſe planes are equal, 
and; the velocity in the Horizontal plane IV is uniform, and the 
time of deſerĩbing it 1s: qual to half the time of falling down n 
(527): but the time of falling down n (2): time (T) of falling 
down mV (= 2 mn), or down the diameter 2 i: mu: Fi: I: 2, and 


2 = and cee nel Wag times. of deſeribin gun and V, or 


Wet time a half a vibration. = 5 end 1 the time of a whole bra 


7 TE x f 

= _* n 5 + 7 | 

o 2 . 
$ 2 41 141 * »# _ Ss * v% , 1 3 1 s „ 419 3 1 3 N 1 14 45a > | q 
tion 2. 9 = & Py l 
” # *% . * — hs * * 0 * y 25 
4 * n , * * % % lo J ** * { * * 4 7 : * : I * 1 . 8 2 „* L p * „ £ . 1 MN 
S's =— 2 * , » 2 24 * 3 . * Þ 42 4 4 1 54 * < 4 * 8 — & 4 ' a 
a — » * 0 
” * * bt j 
» 
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590. Tf the. body. P be ated. upon by force. H pe erpendiculag 
to the horizon, which, i Is. to. the force of gravity as the arc. PV ta 


its ſine PN, all vibrations are 155 rens ; for, let S repreſen tithe 
conſtant force. of gravity,, and E *:, and: by a reſolution = 


PL. 


32 PENDULOUS MOTTON: 
5 into two, LM" parallel to S P, and PM cointident! with 
the tangent, this laſt is the only part of 'F/ that accelerates F. 
But PL: PS:: PM: PN (ſim. triang.), ang 
PL: PS: PV: PN (hy poth. ); and conſequently: PM= 
PV, or the accelerating force is as the diſtance from the loweſt 
point V, and P will always arrive at Vin the ſame time (563). 


The iſochronal force 3 in a circle, . is therefore equal to 6 ER 


and, when a elution 5 is urged by the force of gravity, the time 
of a vibration will be encreaſed with the arc of vibration, becauſe 
the exons of F above & is; RASTA witty MESS 05 $9, 


* © * OY w- 7 
8 * * 1 We © 4 $ ww F237 =. S 3 by Tr F 
| 31 | | us, a | 148 111 | $353. 
* 1448 


FIG, * 74 DEF. V a arch FPE dented ve the ee line BA; the 
ELAVIL curve line BVA deferibed by any Point P of the periphery in one re- 
volution, is called a cycloid: BA is the baſe, VD biſeting BA at right 
angles is the axis, V the wertex, PM parallel to the baſe ts an ordinate, 

and FPE is the SOR wh of the cycloid. 


* _ _— % ., 
, 3 7 £ VS. 
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592. Cor. —— every 4 of 955 — of it OY 

rating circle has been applied to the baſe BA, it is evident that 
BA is equal to the 54 Nee and BD: to the eee of the 
generating cirele. 191 


i. \ | 
7 f {4 T'n * ai } 1 rei 
1 . ® 


> - p + 4 
. / 


593. LEMMA- If a circle be deſeribed upon the axis a diameter, 
and an ordinate PM be drawn from any point P, the fart of this ordi- 
nate PL, contained between the point from whence It is drawn and the 
periphery of the circle, is equal to the circular arc VL, contained between 
the vertex and the interſection of the ordinate and periphery. 


DEM. Let F PE be any poſition of the generating circle, and, 
becauſe every point of the arc PE has. been applied to BE, 
the right line BE = the arc PE = = the arc LD, N15 the are LV. 


=ED=MN=PL. QED. 


— ——_— - — 2 ——̃ — _— — A = — - — — 
— — — - - - — — _ 
— -— \ - | . — 
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— — 7 — by = x 


_ 


=>. = X 
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1594< Co Begapſe is always equal tothe-are LV or N. Wed 


catemporary increments or decrements are equal, that is, che l ini 
tial potions of the point P, which traces aut rtheccyclai all ate, 
one parallel to the baſe B. d. and the other mithe direction of the 
2 to the circle at * de dul: 36 205% 


2 g. An pndindts lein g drawn om: Joy and Plat the 
cycloidal arc, cutting the periphery of the generating circle, whoſe dia- 
meter is the axis VD, in L, the chord VL of the circular arc is * 


rallel'to the line ucbing the ele of BE Mens ot 7 88 


AAA. eps 05t9 1 0 Des A 0) Hit yy 14A Stu 
bat : VM 16 M 01 ups 82 Fre ebroloyoimst owt 23: 1011 


„DEN. Let GP be a tangent to the circle at P. and produeing 


E tb C the 4 CPigzt: PE AGE (the tangents DP. and 
DE being equal, EU. B. IL. p. 36.) EPV: but the initial 
motions of P, in the ditections GE and Pl, being equal (54 the 
path of Por P; will biſect the angle gP p(compoſition of motion), 
and con ſequently the C E or P is at right angles to 
E P, and FP, which is parallel to LV is alſo perpendicular to EP, 
and therefore. is a unt to the curve at P. R D... 
Iabio!5v5 od nie K bus AX = GU NAA A du IM LE 
59 96. Cor. A tangent to the cycloid at the vertex Pi 18 bre 
perpendicular to the axis VD and yargllel to th baſe BA. 
Tttohtes ef 11 J mn v1 9d gon e sds 00 % 
Aeiup bomb 2d vam 9 8 liemt yiov s dil 4 fili 74 3813 
0. 69. LauMA. The generating cirgle dying deferited upon the: axis 
a5, @ diameter, and an ordinate being drawn, from any point O, cutting 
the periplery o, tbe circle in R, the cychidal are VO is equal to twice 
the rend chord of the circular arc VR. n inbivioy ole fin 


DM, Praw. an ordinate eee to RO and 2 per- 
pendicular to YR produced, ane Vr = KS. the angle at V being 
evaneſcent; and O 8 nd Rr are cotemporary increments 
of the arc 0 and 79 795 4 
V and R, the triangles /R ving the” angles at R ver- 


MM: f * . 


NG tangents. to the circle: at 


PEND ULOU'S MOTION. 


Heal, aud the angles V Rd Rv alternate; ave! fimilar, and 
cotiſequently-'R r= und R or OO 2Ry: EIA 


of tlie ud V O is therefere equal to twice the correſp 
ment of the ellord VR, and, béeauſe they ate naſdent and how? 
cent at t the ſame time; VO z=427R. QED 217 03 305206 


FIG. 895 Pao. Ju mate a _ neuen ec odd *. 
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"Produce = axis b i making 8 = = Dr. N through d draw S 
line KS parallel to BA, and let two circles, each equal to DLFY. 
generate two ſemicycloids SA, SB, each equal to BF or AF; and if 
ONE e of a ſtring SGA, whoſe length is equal to: or 
SCA, be fixed at S, a body collected in the other extremity &, will 
always be found in the cyelbidal are VP; for, becauſe SEX'is a 
tangent to the cycloid at C, CX is parallel to EAA (595), and CG 
EA; but CX==24E (597)}== 20G and CG SGA, and the 
ordinates & L and C ene from A D, or AUF DN. 
and the are 1E the are LD, and the chord LD is parallel to 
AE or XG: but AG CE the arc AE, and confequently the 
remaining arc HELL) = DAL. and X is in the erelcidal 
are AXF (893). | 


: 1 ae 4 
1 + ff %- > 


599. Cor. 3 $CX touches the curve at C, it is evident 
that whilſt & deſcribes a very ſmall arc, C may be deemed quieſ- 
cent, or CX is always perpendicular to the cyeloidal are at X; and 
very near the vertex Y, here & is perpendicular to the eurve, a 
eircular arc, whoſe radius is S J, ; will comeide 4 a n . 
with the cyclaidal are. 


600. Proy. If a penllulum begin to r ts thy poi: P. * 

8 circle be deferibed, "hoſe radius is 2 to the' rebel arc VP, the 
velocity in different points will vaty us the right oh, ' ore arc of "this 

Ke whoſe ent is | ihe ſpace dferited by 5 2K 205-16 


w = 5 ,&8 4 51 A tis * 
0 | Du. 


PENDULOUS MOTION. 
Du. The velocity at any point Q is equal to that „ Fa in 
falling through the fame perpendicular r altitude VR (AS), which 
is as NN or VN Aer NN DRI Dior 
. or n bag (REF QE. D. 


. "Hors . to , Fwhere 
c i the greateſt, being as V and then it decreaſes in ſuck a 
manner that the velocities at all equal diſtances from are equal; 
and conſequently the cotemporary changes, or increments as the 
body accedes to 1 decrements as it recedes from it, are equal 


at equal diſtances om of 3 02 1120 21 
\ 07 180 D9 YI9v 179% ei . * Ne Art . N 
an c 92 lere Aw api adi ef: 80 ER, 1 . LE 


604. Cor z. N Fbe the titinibet of initlies Wich a b 

deſcends from reſt by the fotce of gravity in 1, and be che velocity 
acquired in vibrating through PL, or in falling down the perpen- 
dicular NR, then VR: 5 as the ſquares of the velocities acquiret 
in falling through NR and s, or as : 4, ind = V/VR%F 1 


＋ 
mA CTR e, F me BF 


s 
10 22 ol DF 
into t the cight fine 7 2 7; and at the vertex vx ih g is LL to 


— Gn, * #71 . a 
» 481 12 13414 11 #11 C C4 ine . ws. þ Ot. 


* . = inches 7 15. 
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03. Run I a _ begin © ele at e di- 
ſtances P _ from the vertex V, the velocities ties acquired at 


in theſe different vibrations, Are as W V VN os as . 
4 E, or as VP: 72 9; or the velocity acquired 5 N re 


iS as eee from deen ela it N e brate. 


— - 4 5 Ld * 1 F : + 5 Fr — 
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68 cor. 4. If a be the ſpace deſcribed from nd * 


the velociges acquired at V, in vibrating from different points P. 
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would Larry che bos xe over tieſe numbers des in r „ 6 


CELLO 810 fy" 1 A 1, 8 WY Wy 10 A Lars, 


Gogh Prop. The time in which the cendulum Same through any 
are WH; is equal to the time in iubieli a buuyl avou¹ deſcrebie) s 
reſponding circular aru no oth; the greatgſt nn continued 

 visformbpic \ night waonefllb sup In 18 ealtioclov lg 1643 1s nnν,H 
105 23 eee a 207 be 7 YV1EW 19300 911} N58 12 7 803 but 


Let M be Dan near 1 4 5 0 . 88 0 e | 
uniformly, and taking Vp, Vg, Vn, Vb, reſpectively equal to 


VM. VH, and drawing the right line & & parallel to V; 1E 
ar ) f qu :Hv,;or 2M and ul are te each other as 
e velocities with which they are deſcribed; and are ther efore. der 
ſeribed in the ſame. 99.9 The ſame may be proved of 155 other 
correſponding parts o tor and uo, Whig: are, conſequently, de- 


e che 1 nd ; . Wo 3115 AN f 2001111 2 (ite; fit 


— 


806. Cor. 1. The times cf detetibing an a arcs = Þ9, 2 abe 88. 
each other as the correſponding « circular arcs pn, nv, becauſe the 
are defcribed with the ſame uniform velocity; and the time of of 
whole vibration is as the / pv vx. ? 


21 22 „and the velocity with which 271 1s e 


ally chu to CDF 2 


— 1 


14 * 7 * q a 


ſcribed, is eq oa to 1 > % LP, 32 The time of a! 4 vibration is 
911 241 18 ese DD Hr 2 bY * F 31175 wi * * 


equal, to the time E e would e ho ſeams peri. 
phery pvx with an uniform 1 ** ho by 4s Lv 
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608. Cor. 


; 
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FEQITUNO os on 


ehre olf A fim to roſcillatb) from Aiffetent points 
P and 9 — 6 timesof their vibiations 1A. tothe times of de- 
{eribifig caperipheric ok circles, 1 dn are N P and = 


with uniform velocities beh. gu refpeRtive as y equal to 9 


* 00 / LL weer ann ſprcecorfami- 


= ibs hap = 105 e velocities; or divided” By Mei tac vx 
65 rently, equal; the times erco of fl 


8 9717 ' 
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Hers gif chi, Are e qual. 113 10 efi 391 10 K 
We Dien 15 % 17 Fi Its muly! M190 '8 10 18115 
| en A bas A es 5d: li, e le 16. 
609. Pati, Fps a toes to begin to oſcillate from any 


Hei nt P, inne in erforms: one Utbr af ig to the time f 
ine 1 e e e ph 1 . 7 od 4 


ate Ii: fy ee yr 4 2£13 14 He 48 18 2 45120 1 K 


times ERIE DV Fx ed { mY 
25 0 7 ae ' body. rſs a Tpace'e pualts*2PY'or 
PF or'p . h 7 7 8 cquired in Falling down y er P 
cor meinde Gniferüf; Uu t this Fn tothe time of! deſtribing pv x 
Sth the Tartie- velocity, ' of to'the time of one vibration (607) as 
the ſpaces deſeribed, or as : pv x; or as the diameter of a cir- 


cle 5 its n E. * 1 


Se DAY riphery of Ker it e its Uitheter 
| 195 wy LY A 5 an n that t nes « all vibratighs 4 


as the times of deſcent dow 90 t 1e a axis, and con e are. wen. 
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611. Cor. 2. The. Valet wich whith tlie tern tiety v 
38 deſcribed, 1 er — of defctabiflg it is equal to a Vibration, 
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AD Pp 1 10 1 

pox e 
Y equal to Pd DT ð*ĩ — = (607), and 5 time 18 equal to vel. 
2 EN en en d * . 
1K; 3 gu 1 ln e ken 19 . * ph ei Ve Ant 


Con- 
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: 2.PF, he fame a analo 8 as that 1 in this propalitipn. 


4 be 5 12 qt" 5 Dy row „ 250 | 


; n Oe — vibrations in en ds. be. 


ual to the,times of deſcent down their axes. multiplied into 
VP _ given ni, will vary 1 the times of Nacken down 


the axes, or lengths of the 1 0 ; or ſuppoling L te be the 
length of a pendulum, and ' the time of a vibration, and to be 
un . ul will be as L, and * an De; |, 


NN mo, I) * ah OPEN Iv rn d. | 1 
i hy: f a + nat, che ng Her 
ſenſibly MING by the cycloidal arcs S4, SB, and the perdiifakr 


SP will deſcribe a circular arc, and hence it appears that very 


ſmall. vibrations, in circular arcs are es im equal. times. 
The times of deſcent. down a cireular arc rs, 5 are therę- 
fore une qual, the former heing to the time . eſoent d 8 


axis as half the. periphery ofa circle to its diameter N the lat- 
ter is equal to the time of deſcent down the diameter, or four times 


the axis, and is conſequently to the time of deſcent a che axis 


AS 2.2 K. IT; 1 iss ali o 15 


614. Cor, 5. If the pendulum begin to oſcillate from B. half 
the time of 4 Tune is to the time or deſcent down the inclined 
Plane BY as BD: BY; for half the time of a vibration i is to the 
time of deſcent down the axis, as the ſemiperiphery of a circle to 
its diameter, or as DFEY (BD) is to DV, and the time down D/ 
: time down the inclined plane, BY ;; DF: BV, and, ex æquo, half 


the, Weib, 5 — : time of deſcent. Wag, ee Plans 
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"Gi F. Cor. 6. The fpace deſcribed by a falin ils in 1", may 
be «diſcovered, if the length of a pendulum per orming one vibra- 
tion 


PENDU Los Mo TION 
N in a ſerond be known: cet the length af this pendulum. be 
39-2-inflies; 3ndi(bog) 144 — through, 42% (e) z: ꝙꝓe⸗ 
riphery of a drcle to its diameter: 3.141 59. Ke. (2): 1 and 7 

75 But 2 ; ſpace fallen through 3 in 17 (ﬆ):: 75 :1* and & = — 


2 | 
7 5 F 14 ® it N 4 ; & * 
2 4 TY _ „ 6s 4 


2 
1 1 ry 
© &. * 
* 3 241 
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22 * GG 
x þ* = 193. 1 inches Bear 16.1 feet nearly. 


5670. Cor. 5. The The length of the 1 performing one vi- 
—— in 1 may be diſcovered, if the ſpace through which a 


body deſcends in 1 "haknown; for let this {pace == 193.5 inches, 


2 * 193.1 


and (laſt cor.) the length of the pendulum = b inches. 
Idi inches 55 UPI fn * 15 5409 10 ay 7721 211 === 1 
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617, Cor. 8. The time of s one 5 ion age red, i 
the length of the pendulum be kno = AS ) the ph = 
length of the pendulum in inches, and,T: * 15 1. of one vi- 
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623. PROP, That part of the force of gravity, which accelerates or 
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637. Cor. 4. The vine df i the flight is equal to the time df de- 
ſoribing DR with the projectile velocity, and varies as DR, or as 
DR which i is the ſine of the angle of elevation; and conſequent- 
ly the time is the greateſt when the angle FDR= == 90?, and it is 
then equal to the time of deſcent from reſt through the parame- 
ter AD. The time is alſo equal to the time of falling from reſt 
through RP, and therefore varies as . RF, or as the ſquare $d6t 
of ths verſed fine of twice the angle of elevation, or as the aste 
root of NH or the greateſt altitüde. 
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_ PROJECTILE MOTION. 
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Wonſtratnns; for che greateſt altitude r = 78 Fe 


| | 2 
(ſubſtituting the value of DL) PEE = 18 wal and con- 


Oy varies as V x DN, s 2 DA being given. 
0 ee 4 A NNN 649. PROP. 
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= Let the arcs DF, EF, and the angles der and ECF, be equal, and, FC 50 the 
4 10 of elevation, EL drawn perpendicular to the radius C D, is the fine, and DL the ver- 


ed fine, of twice that angle; and, joining ED and drawing GH from G, the interſection 


of CF and E O, parallel to DL, EH g= ; the fine, and GH = * the verſed fine, But the 


| triangles EGH and BCG are fimilar; the angles at H and & being right, and the £ 7 = 


ZEDC = 4 CED; therefore EG (= FN = 8) : BH: CE(=1): CG(=CN=2), and 


EH=$8 x2, And EG or S: GH(=;LD) :; CE ; EG, and conſequently GH = 


* 


= 
- — ũ ——— — — —— — ——— -- 


os 


[| - FIG. 
CEXXVII; 


given 1 


*2 


PROJECTILE MO LON 
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. 71 N 9 WD, 90) 5. ren reto re, | E: . IC 95 
1555 he atap yy = 2: erefo of 
SVA Nie 1 1 


$34 4} GEE + + 


Ft which i 1s therefore known ; and the ve- 


lotity of proſektion, being equal to chat acquired in 1 falling from 


4 ron 7 110 Known, Vein Fas x be 
reſt throug js allo know wn, ing equal to 47 bet in 
\ | : 4 . 
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ropoſition. 15 


1 15 The altitude i is found when the parameter is known, by the 
p 5 


Or, The altitude is eaſily found by the following proceſs: Bi- 
fett the amplitude DF in M, and, drawing M perpendicular to 
D F, the angles in the triangle DM, and the ſide DM. are 
known, and MT may be found from ee and conſe. 


quently. MF i ia/known.- QI 


S C HOLIU M. 


651. By a ſimilar proceſs the converſe of theſe propoſitions are 
eaſily ſolved, that is, 1. the amplitude and altitude being given, to 
find the velocity of projection Pi angle of elevation; 2. the ve- 
locity of projection and altitude being given, to find the am pli-- 
tude and angle of elevation; and, 3. and the angle of r e 
and altitude being given, t to find. the OT and — 


\ Py EI — — o , N 
- © » 8 © &S 7 % of " Aa. AM t# * 2 = _ a *%..# 1 f v 0 6 1. 4 [2 


1 
RT" cn 0 LU N - d l 


652. In the theory of projectiles, the medium i is ſuppoſed to 1 
void of reſiſtance, which ſuppoſitiou does not obtain in practice, 
the teſiſtance of the air being variable according to the different 
velocities. and magnitudes Ft Prvjeftites, and always confider= 
"4 ur 811 * able.. 


=> g 
„ 8 
= 2 


PRO COT EDE MOT ION; "Y 
able. 1. If a muſſcet half, (of02-of! an inch dinmeter, be fired; 
from à pitte forty-five inches: long, with half ite eight of p- 
der, its velocity is nearly 1700 feet in , and its torigontal range: 
when the angle of elevation is 45 ought to be about ſeventeen 
miles; but from. Practical writers. it appears; that the range is 
leſs thaw half à mile. ': An iron balb ef 24 lb. weight, diſcharggd- 
with a fall charge of powder, Has a ueloeity of 1650: feet in 147 
and its horizontal range at g would: be about fixteen miles, were 
the path deſcribe a pdrabola; but, from experiments, cit appears 
not to be three miles, and not 5 part of the fp: eee e 
the theory. When the velocity of th the ſhot is about 400 feet in 
1”; the reſiſtance of the air is ſtill conſiderable, and neither tb 
am pllcudes height or time of flight, cor -with'-the-t 
This refiftarice is confirmed by the conſtant! obſervation of all coris- 
verſant in the projection of bombs; for the ranges at elevations - 


equally diſtant . — 459; ought,” according to the theury, to be 


6r We, are always found to be greater than thoſe projetted-as 
 clevations.c 1ual[ro GO of though equally diſtant from 4 
Preſe gte whoſe motion is ſeiiſible to the eye, are ſeen to de- 


wend im a curve obviouſly ſhorter, and inclined in a greater 


angle to the horizon, than that in which. they aſcended ; and 
_ whoever views, in à proper ſituation, the ſſight of ſtones, arrows, . 
ſhells &. projected to any conſidetable diſtance, may ſee evidently. 


that the vertek of the curve or greateſt altitude, divides: the path - 


* 


deſerihed into two untq ual parts, and s more remote from the - 
af erer where the n ee E u 


21 Tt 22710 
80 T6 911 


? „ A 74 F j N bets 2 "Y 14 pf wy 
. ; 
9 11 


Za rl 1 8. 21012 8b 15 Q LILIU M: 1 £13 Tf #7 5. 2 og pic ; 
a A body,” rojected With a chnfiderable velocity; is ode 


a parabolic Pal bo a ditection per er to the hori- 
zon,- Bi is made to Rare Weh ally and change the plane of - 
motion. The path of a tennis-balli ruck with great force, ig 

nly obſerved: te be 5 ellas downwards, 


Lin 11 move in A different rent plane from that axiſing from . 
ined: 


bd & 6 6: 12 


equal; but the ranges of à ſhell: projected at an elevation of 15 


* 8 by be reffitance "of the air, and /defleSted 1 


i Mn 


V3} — ? "2. * 


PRO OT ELB MOT YON 


bined action of gravity and: force'of prtjection. Bullets are. ot 


only depreſſed beneath the line of projection, but deflected tothe 
right or left of that direction by the reſſſtance of the air, or adtion 
of ſome other force. Mr. Robins fixed a barrel, carrying a ball 
of z of an inch diameter, and, firing at a mark, one foot and 
ſquare, at the diſtance ↄf 180 feet, miſſed it only once in ſixteen 
ſucceſſive trials; but hen the ſame harrel as fired ith a ſmaller 
quantity of powder, he found the ball to be deflected 100 yards 8 
to the right or left of the line aimed at and placed at the diſtance 
of 760 yards; and its direction in the perpendicular was equally 
uncertain, its range differing ſometimes 200 yards. Becauſe the 
force of gravity acts always in a direction perpendicular to the ho- 
rizon; a body projected in any direction would, if unreſiſted, be: 
always in the fame vertical plane, which, as is obſerved, is not true 
in fact; and, therefore, beſides the reſiſtance of the air to the pro- 
greſſrve motion of the body, there is another lateral force produeing 
a deviation from the plane of projection, which ĩs probably the 
inequality of reſiſtance upon its ſurface: for, if the ſurface of a 
projectile, protruding the particles of a fluid, he equally reſiſted in 


every point, it is obvious that the plane in which it ſixſt moves is 


not altered. But ſuppoſing the reſiſtances upon different ſides of 
a body to be unequal, it will be impelled, by the greater reſiſtance, 
towards thoſe parts here the reſiſtance is leaſt; and thus either 
diverge laterally from the firſt plane of motion, or aſcend, or de: 
ſcend in that plane, beyond the altitude inveſtigated by the theory. 
A motion of rotation round an axis will produce this inequality 
of reſiſtance upon the different ſides of a projectile, and conſe- 
quently its irregular motions ; for the parts of a revolving body 
are expoſed to the air, which is protruded, in different angles of 
obliquity and with different forces, aud muſt therefore be differ- 
ently. reſiſted. If the axis gf. rotation. be, perpendicular to the di- 
rection, the body will he deflected naturally.from the vertical plane; 
and becauſe the velocity of, the body, and conſequently reſiſtance 
of the air, are variable, this deflection will be different in different 
points, or it will be a curve line. That this lateral deviation is 
produeed by a motion of rotation ſeems to be confirmed iby expe⸗ 
riments. Let a ſphere of wood, ſuſpended freely by A gr in a 

Stic : current. 


2321 


PROJECTILE MOTION, - 
current of air, be made to revolve round a Rring as an axis, and 


the parts of its ſurface, on oppoſite ſides, oppoſing or conſpiring 
with the motion of the particles of the fluid, are unequally im- 
pelled by it, and the ſphere is always deflected towards that ſide 
whoſe reſiſtance is leaſt. Or, let a wooden ball, loaded with lead, 
be ſuſpended freely in a ſtream of water by a twiſted cord; and, 
as the cord returns to irs natural ſtatc, the ball revolves round it, 


and moves gradually: towards the. fide,where, the, reſiſtance is leaſt, 


84 -f 


or where the parts conſpire with the motion of th the water. When 
the ball · arrives at ts utmoſt extent, ĩt is] ,quieſent;for à moment, 
and returns gradually to its firſt ſituation, and. is again quieſcent 
tilh the motion of the ball twiſt the cord tlie contrary way, And it 
tert moves alſo towards the other ſide; and in'this manner the 
ball continues to vibrate till its motion N by friction, 
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